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CENTENARY OF THE BIRTH OF JOHN JACOB ABEL 


John Jacob Abel was born at a farm near Cleveland on May 19, 1857. The 
mall Meeting of the American Society of Pharmacology and Experimental 
Therapeutics, founded by Abel in 1908, honored him as the first full-time 
University Professor of Pharmacology in the United States. He has been fitly 
Secalled the Father of American Pharmacology. On September the fifth 1957, the 
Abel centennial celebration was held in Hurd Hall, Johns Hopkins Hospital. 
beven papers were delivered about Dr. Abel. With the exception of the first by 
mr. Sollmann, all were given by individuals closely associated with Dr. Abel 
mduring his time at Hopkins (1893-1938). It is interesting to note that all six 


@individuals who had been in Dr. Abel’s laboratory commented on the impor- 
lance of his “lunch table,” and consider it better than any formal seminars. 
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JOHN JACOB ABEL, PRE-HOPKINS YEARS 
TORALD SOLLMANN! 


In an often quoted, and sometimes misquoted passage, Thomas Carlyle 
wrote: “The history of what man has accomplished in this world is at bottom 
the History of the Great Men who have worked here’’; but men, even great 
men, work in the medium of their time. They react upon each other in many 
and important ways. In other times, Napoleon might have lived and died an 
obscure major of artillery in a garrison town. The immediate sequence of the 
French Revolution would have been very different without Napoleon. 

This trite observation is made to justify a sketch of the period and circum. 
stances under which Abel was launched upon his career in pharmacology; and 
of the influence which he had on its development. The expression “was 
launched” is chosen deliberately, for it is plain from Abel’s self-revealing letter 
to Edmunds, written May 24, 1937, that a career in pharmacology was not 
even in his thoughts when he was offered the newly created pharmacology post 
at Michigan. Up to the very hour when he received Victor Vaughan’s cable- 
gram, he had intended to return to his home, he says, “‘where I expected to 
carry on medical practice and to do research work, if possible, in internal medi- 
cine in connection with one of our American medical schools.”’ He had gone 
abroad to study medicine and to take his medical degree; but his scientific 
interests were broad, and he took full advantage of the system, which was 
possible in the German universities, of studying each subject under a great 
master, wherever that master happened to be located—a system that kindled 
and developed great pupils, although it may have left many mediocre men as 
fate had made them. A system deserving more attention in the present days of 
curricular earthquakes. In the seven years that he was in Europe he worked in 
at least eight universities; and as a final fling, before returning to America, he 
was working under the biochemist von Nencki at Berne, when he received 
Vaughan’s cable. Von Nencki advised him: “While you have not especially 
planned to enter the field of Pharmacology, I can tell you from my knowledge 
of the subject that it is one of the broadest fields of medicine—one that can be 
approached from many points of view and one that can afford opportunity for 
research work of many types, in accordance with the previous training and 
ability and originality of the man who elects to work in the field.”’ It was in 
this spirit that Abel accepted the post, and in this broad concept of the subject 
he worked, and this he fostered in others, throughout his life. 

Pharmacology, the lore and the lure of drugs, the study of the action of 
drugs, like medicine in general, had an empirical beginning not devoid of 
superstition, metaphysical speculation and rationalization. Its scientific 
development had to await that of physiology, since most of the effects of 
drugs are functional. The first scientific investigations of pharmacology were 


1 Professor Emeritus of Pharmacology and Materia Medica, Western Reserve University. 


298 


made a 
Perhap: 
Claude 
project 
temati¢ 
worth 
ment ¢ 
Buchh 
J and wi 
Germa 
7 soon b 
and fer 
In tl 
pharm 
a were I 
tioner: 
tics” 
perhay 
not dé 

Some 
with i 

H.C. 
tics V 
scratc 
began 
a Physi 
the Si 
medic 
time 
ama) 
4 maco 
decid 
Ur 
his fi 
due « 
end | 
at tl 
tical 
the : 

call 
: of h 


CENTENARY OF THE BIRTH OF JOHN JACOB ABEL 299 


made as tools for physiology, which has remained one of its important uses. 
Perhaps the first really scientific pharmacological investigation was that of 
Claude Bernard on curare, published just a hundred years ago, conducted as a 
project of “experimental medicine” in general, really a project in pure physi- 
ology without any thought of its practical therapeutic application. The sys- 
tematic cast of the German academic mind perceived that here was a field 
worth cultivating for itself, and in 1856 established the first university depart- 
ment of pharmacology, the scientific study of drug action, in Dorpat under 
Buchheim. It throve, and other German universities followed the example; 
and when the German University of Strassburg was founded after the Franco- 
German war, its Pharmakologische Institut headed by Oswald Schmiedeberz, 
soon became the focus, the hearth and heart of pharmacology, that fomented 
and fermented pharmacologists from all the world, including of course America. 

In this country, however, there was a certain latent period before the seeds of 
pharmacology could sprout and take root in the hardpan of tradition. There 
were neither endowments nor laboratories. Medical teaching was by practi- 
tioners on a part-time basis; very part. And “Materia Medica and Therapeu- 
tics” was a traditional stepchild to something better; a chair in Medicine, 
perhaps, perhaps. But still, medical teaching, though somewhat deadly, was 
not dead. The spirit of the times was stirring and fermenting in the eighties. 
Some of the young men such as Abel and Welch, went abroad and returned 
with infective ideas. Weir Mitchell made an admirable study of snake venom. 
H.C. Wood published an admirable textbook of Materia Medica and Therapeu- 
tics which discussed drug actions intelligently. The hardpan was at least 
scratched. The time was becoming ripe for the seed. Progressive universities 
began to establish full time chairs in this and in that medical subject, such as 
Physiology. Victor Vaughan, dean of the Medical School of the University of 
the State of Michigan, out in the Middle West had gathered a notable group of 
medical scientists, and he or they were the first to put pharmacology on a full 
time basis—still under the title of “Materia Medica and Therapeutics.” Being 
aman of practical intelligence, he turned for advice to the center of the phar- 
macological universe, Schmiedeberg at Strassburg; and so the fate of Abel was 
decided. 

Up to this time, Abel’s research interests had been chiefly biochemical, and 
his first papers in his new post were primarily along this line. This was probably 
due chiefly to the momentum of his previous work; but it served the important 
end of lifting pharmacology out of the bounds of applied therapeutics. Abel 
at that time felt strongly the mission of dissociating pharmacology from its 
empirical application, which was then so strongly emphasized by pharmaceu- 
tical houses. In his Ann Arbor days, much of his energy was devoted to arousing 
the interest of the medical profession for the subject. Then in 1893 came the 
call to Hopkins—and with this I pass the torch to one of the most enthusiastic 
of his pupils, my old friend Samuel Amberg. 
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JOHN JACOB ABEL, DECADE, 1893-1903. 
SAMUEL AMBERG! 


At the annual dinner of the pharmacological society in 1950 O. Loewi spoke 
about the importance of Schmiedeberg for the development of pharmacology, 
He has been called, as you know, the father of pharmacology. Schmiedeberg’s 
name, Loewi continued, though he lived until 1921, is now almost unknown 
to the younger generation except for his connection with the “Naunyn- 
Schmiedeberg Archiv.” This celebration, we hope, will aid to keep alive the 
memory of Abel. Those who were directly associated with him, who himself 
was a pupil of Schmiedeberg, hardly require any such aid for themselves but 
may be stimulated to transmit to their students their appreciation of a man 
who contributed greatly to the advancement of pharmacology by his investi- 
gations, his teaching and his influence and guidance of his pupils. 

The period of 1893 to 1903 has been assigned to me. When I started working 
in the laboratory the department, including that of physiological chemistry, 
had been fully organized. Furthermore my main connection with the medical 
school was in the department of pediatrics and my official status in the depart- 
ments of pharmacology and physiological chemistry was that of assistant in 
the laboratory courses. 

To judge the caliber of the man it is only necessary to recall his fortitude 
when he lost an eye in a laboratory explosion in December 1900, a circum- 
stance which in no way diminished his devotion to research. 

Abel was called to the chair of pharmacology at Johns Hopkins University in 
1893 from the University of Michigan where he was the first pharmacologist to 
hold a full time professorship in the United States. But at Johns Hopkins 
University in addition to the full time professorship adequate assistance and 
laboratory facilities for teaching and research were provided. It had been the 
custom to have pharmacology taught by practising physicians who lectured 
and quizzed from textbooks. From this time forward the original literature 
was used in the preparations of the lectures. Some lecture room demonstrations 
were given but much more emphasis was placed on the laboratory courses in 
which the students participated actively in the experiments in close contact 
with the instructors. The students could discuss problems which arose and 
having recourse to what might be called a reversed quiz did ask at times 
rather embarrassing questions. The professor was very fortunate in the choice 
of the laboratory “‘dieners” who took care of the animals needed, as well as the 
care and distribution of instruments and apparatus. 

It may be added that the laboratory course in physiological chemistry was 


1 Associate Professor Emeritus of Pediatrics, Mayo Foundation. 
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arranged similarly. Walter Jones was in charge of teaching and research in 
physiological chemistry. 

In order to establish more quickly personal relationship with the students 
the instructor memorized in advance the names of the students with the 
places assigned to them; so we could call them by name immediately. 

These laboratory courses were unique at the time and constituted a decided 
advance from the way pharmacology had been taught here and abroad. During 
the first years at Hopkins, Abel completed some of the work he had been 
engaged in at the University of Michigan. As listed by Voegtlin this included 
studies with the narcotic drug chloretone, the presence of carbamic acid in 
urine under certain conditions, a study of the pigment of negro’s skin and hair 
and the isolation of ethylsulfide from the urine of dogs. Efforts at isolation of 
the active principle of the thyroid gland were soon replaced by the epinephrine 
studies, which were still foremost during the period assigned to me. 

In addition to the visions Marshall mentions in his sketch “‘Abel the Prophet” 
I recall his interest in the problems of recording heart sounds and in the possi- 
bility of intraspinal anesthesia. The desirability and importance of the founda- 
tion of journals of pharmacology and of biochemistry as well as of the formation 
of societies representing these disciplines were discussed with increasing fre- 
quency. The realization of these plans has been described more fully by Voegt- 
lin. Besides other advantages for workers in these fields their better representa- 
tion in the medical schools with improvement in their facilities provided for 
investigation was to be expected. At the turn of the century many prominent 
physicians lacked an appreciation of these branches to the detriment of prog- 
ress in medicine as emphasized by the medical department of the Johns Hopkins 
University and a few other institutions. 

Much of the discussion of these and other problems took place at the lunch 
table in the laboratory, another rather unique feature which has been stressed 
rightly in several of the biographical sketches. As a rule everybody brought his 
lunch which was enriched at times by delicacies contributed by Mrs. Abel who 
played a conspicuous role in the social life of the department. She was a recog- 
nized authority in domestic science, and we can bear testimony to her efficiency 
coupled with the charms of a gracious hostess. 

The work going on in the laboratory, the news in the fields of science and 
medicine, as well as inter and intradepartmental affairs, often were the topic of 
conversation. The humanities were not forgotten and the continued interest of 
the professor in mathematics and in sailing was quite evident. The only major 
subject rarely touched upon was politics. The discussions were kept free. The 
“professor” was able to guide them or restrain them, if it seemed advisable; 
this was not due to his position as head of the department but to his knowledge 
and tact. 

Sometimes these discussions did not end with the luncheon period, particu- 
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larly when the “professor” insisted on his “mental satisfaction” that is his 
insistence to understand clearly any given proposition and make his point of 
view understood clearly. It was better to avoid that subtlety which, according 
to Mommsen, characterizes the human mind in the pursuit of absurdities, 
Besides those pursuing some investigation in the laboratory guests often 
joined the party. A quite regular participant was Ross Harrison of the depart- 
ment of anatomy, whose field was mechanics of development. Howell, Dawson, 
Erlanger and Hooker of the department of physiology often participated. 
Occasionally Mall, Welch and Williams were present as were many prominent 
out of town colleagues. A few words may be given to the personnel of the de- 
partment. The earlier members T. B. Aldrich and A. C. Crawford had left, and 
Reid Hunt was the other representative of pharmacology, while Walter Jones 
took care of physiological chemistry. A. R. L. Dohme (Ph.D) lectured on 
pharmacy and McCrae, assistant of Osler, teaching materia medica had some 
connection with the department. Of the other workers I recall A. S. Loevenhart 
who started in the laboratory in 1902 while a student in the medical 
school and A. D. Hirschfelder who, if I remember correctly, started in 1903. 
Loevenhart at that time worked on problems related to lipid metabolism and 
Hirschfelder on the rennin problem. It cannot be overemphasized that Abel 
welcomed to his laboratory anyone who wanted to engage in investigative 
work. He loved to have the candidate bring his own problem but gave him 
the benefit of his counsel unstintingly. 

Now and then Dr. Abel invited us late in the afternoon for supper and a 
show, much more frequently the laboratory was lighted well into the night, 
occasionally all night. This happened also in the heat of the summer when 
many elementary analyses were conducted with the use of the gas burners. Dr. 
Norman M. Keith who also worked in the laboratory later joined the Mayo 
Clinic. One of his patients used to be a pupil of Abel while in high school at 
La Porte, Indiana. Abel told his class that the highest aim of a man’s life was 
scientific research and this remained the leading motive of his life. 
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JOHN JACOB ABEL, DECADE, 1903-1913 
CARL VOEGTLIN! 


It is with heartfelt regret that, owing to unavoidable circumstances, I am 
unable to join you today in person, to pay tribute to a great scientist and a 
great man. It is particularly appropriate that we celebrate the 100th Anni- 
versary of the birth of John J. Abel, for we live today in an age which glorifies 
the common man, and it is too often forgotten that all human progress depends 
on the vision, idealism and unselfishness of the uncommon man. 

About a half century ago, it was my good fortune to meet Dr. Abel. This 
determined the course of my future life. Coming one day to my small metabolic 
research laboratory in the Hopkins Department of Medicine, he discussed with 
me my recent joint work with W. G. McCallum on the relation of calcium 
metabolism to the function of the parathyroid gland. At that time I failed to 
understand why so distinguished a Professor should come to see me. Shortly 
thereafter, the situation was made clear by an invitation to succeed Dr. 
Loevenhart in the Department of Pharmacology. This incident was typical of 
Dr. Abel’s unconventional approach. On joining the department, I was as- 
signed a small room next to Dr. Abel’s laboratory with a work bench and a 
chemical hood. This room also served for luncheon meetings for the staff and 
many guests. It was here that Dr. Abel spoke with enthusiasm of his plans for 
future work. We often thought his ideas visionary, but we were proved in- 
variably wrong. The luncheon group consisted of Dr. Abel, Walter Jones, who 
was in charge of Physiological Chemistry in the Department of Pharmacology, 
myself, and volunteer workers and guests who dropped in. These meetings were 
intellectually most stimulating. I should say in this connection that Dr. Abel 
rarely, if ever discussed my research with me, believing in the European prac- 
tice of giving assistants full freedom and letting them sink or swim. 

The teaching of Pharmacology to a class of ninety medical students was 
carried through one trimester, and consisted of five lectures a week with demon- 
strations and an elective course in Experimental Pharmacology restricted to 
about forty-five students. As textbook, we used Cushny’s Pharmacology and 
Therapeutics, Dr. Abel arbitrarily taking over the first half of the book and 
leaving me the rest. The laboratory course was very popular with students, in 
spite of the fact that we had to use antiquated equipment, which often failed 
to function at the psychological moment. Our budget, according to modern 
standards, was very meager and inadequate and it is amazing what Dr. Abel 
accomplished under the circumstances. It is well to remember this today, when 


‘Formerly Chief, Division of Pharmacology and Chief, National Cancer Institute, 
National Institutes of Health. 
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such emphasis is placed upon elaborate equipment. After the teaching was 
over, we were both glad to return to our researches with renewed enthusiasm, 

The committee on arrangements for this meeting assigned to me the decade 
1903-1913. The first few years of this period covered the termination of his 
epoch making work on epinephrine. It resulted in the isolation from the adrenal 
gland of a physiologically active monobenzoy] derivative of the specific hor. 
mone. In his Willard Gibbs lecture of 1927, Abel describes, quite objectively, 
his epinephrine work. However, his simple description of his long labor fails to 
convey, even remotely the struggle and strife of his epinephrine period. Only 
his associates of that time know the tremendous effort Abel made to reach 
his aim. 

Abel will be remembered as the pioneer who clearly recognized the im- 
portance of the chemical isolation of hormones as the first step for their syn- 
thesis, rational pharmacological study and therapeutic administration. Follow- 
ing his epinephrine work, Abel passed through a short period of reorientation. 
By the time I joined his department I found him serene and happy in his new 
endeavors. Now came several papers with Ford on the poison of the mushroom 
Amanita phalloides. Then, followed a paper on the behavior of frog’s muscle 
towards acids. 

In 1909 appeared an interesting paper with Rowntree on the purgative 
action of phthaleins and their derivatives. This work served as the basis for a 
subsequent discovery by Rowntree and Geraghty in the use of phenolsulfone- 
phthalein as a widely used functional kidney test. In 1909-10 there appeared 
four papers with Rowntree on the chemotherapeutic action of certain arsenical 
and antimony compounds in the treatment of experimental trypanosomiasis. 
This work was inspired by the classical work of Ehrlich on chemotherapy which 
was proceeding at that time. 

In 1910 Abel, in collaboration with Barbour, published the first paper on 
tetanic convulsions in frogs produced by acid fuchsin. This was followed in 
1912 by Abel’s keen analysis of the mechanism of the action of acid fuchsin. He 
furnished convincing proof that the production of tetanus by acid fuchsin in 
cardiectomized frogs is dependent on the functioning of the lymph hearts, 
contrary to Meltzer’s conception, for Abel recognized that diffusion is too slow 
a process to explain the relatively rapid appearance of the tetanus. The studies 
in acid fushsin led Abel and Macht to secure animals larger than ordinary frogs 
in order to inject acid fuchsin directly into the anterior lymph hearts. Speci- 
mens of the tropical toad, Bufo agua, were obtained for this purpose. The 
parotid gland of these toads produced a milky secretion which, coming into 
contact with iron salts gave a vivid green color reaction. With his usual keen 
observation and reasoning, Abel conclusively demonstrated the presence of 
epinephrine in the milky excretion. In addition to epinephrine, Abel isolated 
from the secretion of the gland a digitalis-like substance. 
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Toward the end of the decade under discussion Abel, in collaboration with 
Rowntree and Turner, began the important work on the so-called artificial 
kidney which years later was to receive clinical application and which will be 
discussed by the next speaker. 

In concluding these remarks on the various researches of the decade, Abel’s 
great versatility and broad scope of scientific research are self evident. Also 
during this decade Abel and Herter were largely responsible for the organization 
of the American Society of Biological Chemists and the Journal of Biological 
Chemistry. The success of these undertakings was followed by the organization 
by Abel of the American Society for Pharmacology and Experimental Thera- 
peutics and The Journal of Pharmacology and Experimental Therapeutics. 
The amazing talent for organization which Abel possessed to such a high degree 
and which is rarely found in a man who is primarily interested in research, has 
been of tremendous benefit to experimental medicine. Abel, by his example 
more than anything else, and by his magnetic personality, exerted a powerful 
influence on his numerous assistants and pupils, and passed on to them the 
finest of scientific traditions. 

In his long life Abel was blessed in having a devoted, self-sacrificing wife, 
whom I remember with deep affection. I am also greatly indebted to Abel for 
having been considered his younger friend. 


JOHN JACOB ABEL, DECADE, 1903-1913 


LEONARD G. ROWNTREE! 


First, permit me to say what is uppermost in my mind. Professor Abel was 
the kindliest and in many ways the most lovable man that I have ever en- 
countered in life’s long and delectable journey. He treated me as a son. I loved 
him as a father. He is still the idol of my hero-worshipping heart. Now that you 
know what Dr. Abel was and is to me, nothing that I may say can be or should 
be misunderstood, misinterpreted or misconstrued. 

I came to the professor in a peculiar way. In the spring of 1907, the illustrious 
Dr. Osler gave a lecture in Philadelphia at the “College of Pharmacy and 
Sciences” on ‘“‘Drugs”’. I was there to hear him because he was, to me at least, 
the greatest living physician and he was also known as a therapeutic nihilist. 
He stated that he could list but thirteen drugs that, in his opinion, had any 
significant value in medicine. Then he took up the life of Celsus and gave one 
of the most interesting lectures I have ever heard. At the close of his talk, I 
and many others, stayed behind to shake the hand of this great master. I told 
him that I also was a Canadian by birth. He seemed interested and asked me to 
keep in touch with him. That same night I wrote him for his advice as to how! 
should spend the next six years to best advantage in my effort to become an 
internist. 

Dr. Osler immediately answered, ‘‘Go to Hopkins, am writing Dr. Barker”. 
Dr. Barker, after listening to my story, said “Abel is your man”, and forthwith 
he took me directly to Dr. Abel’s laboratory. 

Dr. Abel chatted a few minutes and then called into conference his top as- 
sociates, Drs. Walter Jones, Arthur Loevenhart and Samuel Amberg. After due 
consideration they decided to give me a trial and turned me over to Dr. Jones. 
He, in turn, called his diener, Elmer Smith, and then led me to a chemical 
laboratory, handed me a manual of biochemistry and said, “Begin at the 
beginning, continue on to the end and if you need anything call Elmer”. For 
six months I worked on the manual. My only visitor during the whole period 
was Professor Abel. He would come in one morning each week, sit on a labora- 
tory stool, ask what I was doing and then spend a half hour or so discussing the 
whys and wherefores. Apparently I passed the acid test of sincerity and one 
eventful day the professor said, “Rowntree, how would you like to work with 
me in some research projects?” And that ladies and gentlemen was music to 
my ears. 

Then he discussed with me the need in medicine of a good subcutaneous 
purgative and the possibilities of learning something of importance to medicine 


1 Formerly Professor of Medicine and Chief, Division of Medicine, Mayo Foundation. 
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by a comprehensive pharmacologic investigation of a new group of chemicals, 
the “Phthaleins” which were just coming into existence. This was the field of 
chemistry in which President Ira Remsen was most actively interested. And 
so began my eight happy years of apprenticeship with the great Professor Abel. 

Now I have been asked to relate anecdotes involving Dr. Abel, preferably 
those that are revealing as to his personality and character. I have been warned 
off of science. 

I suppose I should begin with his temporary abstinence from cookies. Dr. 
Abel presided daily over the lunch table where he, all his assistants and as- 
sociates ate in common. Dr. Abel was inordinately fond of a certain type of 
cookie, hence it was never absent from our table. One day the professor turned 
them down saying, ‘“‘No, not today, thank you’’. This continued for about two 
weeks when I asked him abruptly, “Why do you turn down these cookies”’. 
This was his answer. “About two weeks ago I was passing the store where we 
buy these cookies. The driver grabbed up a can from his wagon, started for the 
store, the can slipped open and the biscuits were scattered far and wide in the 
dust and dirt of the street. The driver was conscientious. He gathered them in 
apile on the curb. They looked pretty bad but the driver did his best. He pulled 
out his handkerchief, definitely dirty, he cleaned up each and every cookie and 
dropped it back into the can’’. ““Now”’, said the professor, “I am not certain 
that these cookies you have been eating are actually the same ones that he 
dropped in the dirt and cleaned up with his hanky, but they looked just like 
them. I was too suspicious to eat them myself but too uncertain to risk spoiling 
your appetites for them. I see that they did none of you any harm. Perhaps I 
am just too fastidious”’. Yes, the professor was always fastidious. 

In passing I might say that Dr. Abel’s lunch table was an institution in itself. 
At lunch he inculcated into us, his assistants, the highest ideals of medicine, 
acquainted us with the great leaders of medicine, inspired us to think for our- 
selves and started us off on independent research which he supervised un- 
selfishly, without exploitation, and guided our steps to publication. If in my 
eight years at Hopkins, had I done nothing but attend the professor’s lunch- 
eons, I would have acquired a liberal education and learned, in addition, the 
secret of successful graduate teaching. 

Next, you should know about my gold headed umbrella. No, I didn’t buy it 
or steal it. It was a gift from a generous friend. 

One morning it was pouring pitch forks and the professor had to go to town. 
He asked for the loan of my umbrella. He returned with a smile, thanked me 
and started to leave. I said, “But where is my umbrella’? He looked around, 
became embarrassed and said, ‘“‘I must have left it on the street car, I’ll get it 
tomorrow.”’ And he did. Again he came and thanked me, looked more embar- 
rassed, said, “My goodness, I must have left it on the street car again.’’ Next 
day I visited the “lost and found” department and recovered my gold headed 
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umbrella. The moral, of course, is obvious. Like many another great scientist, 
the professor was absent-minded. Yes, definitely absent-minded. 

The professor was curious about many things. Naturally so, else he would not 
have been the great researcher he was. 

Well, as many of you know, Diamond Jim Brady was one of Dr. Hugh 
Young’s patients. He was most grateful and gave Dr. Young a cool million 
dollars to found the Brady Institute. On completion of the building Mr. Brady 
was invited to Hopkins and given a great reception. He lived up to his name 
and was ablaze with diamonds. 

Dr. Abel was introducted and just captivated with his diamond stick pin. 
On leaving the line someone asked him about Mr. Brady’s diamond ring. The 
professor confessed that he had missed it, so he got in line, was introduced again 
and centered his attention on the huge sparkler. Then, he was asked if he 
noted the diamond buttons on his coat. These he had missed, so he was intro- 
duced again and took in the diamond buttons. Then some wag asked, “‘but did 
you see the diamond shoe buttons?”. The professor got in line, was reintro- 
duced, centered his attention on Mr. Brady’s shoes and found to his chagrin 
that they were laced shoes with nary a diamond to be seen. 

Suffice it to say that there was nothing in which Dr. Abel took greater pride 
than in his sense of smell. It was extraordinarily keen and in constant use in the 
laboratory, and elsewhere too. It afforded the clue to crystalline insulin. 

The professor was an apostle of physical fitness as intimated by Dr. Voegtlin 
and once a week he took his entire organization out to bowl. One day in the 
alley on North Avenue he caught a whiff of gas. He stopped, sniffed, and snif- 
fed again, and said, “Can you smell gas Amberg? (no), Loevenhart? (no), 
Reid Hunt? (no). “Well”, says he “We have a leaky gas fixture somewhere.” 
He turned about, got the scent and started to follow it to the source. Behind 


him came Hunt, Leovenhart, Amberg, me and others. Finally he got it very | 


strong in a dark corner, and said, ‘“There it is, what did I tell you.’”’ Loevenhart 


laughed and said, “‘But professor that isn’t a gas jet, that’s an electric light,” | 
on which we all let out a howl. But the professor continued to sniff and said, | 
“T wonder what is back of this door’’. He opened it and lo and behold there was 


the gas jet open and hissing with escaping gas. He turned it off and to our great 
discomfiture he never said a single word. Just returned to our own alley and 
started to bowl again. Yes, the professor had an uncanny sense of smell. 
This, of course, could go on endlessly and absurdly. But just one or two more, 
and these are gems, really gems. 
One of the professor’s greatest contributions to medicine was the “artificial 


kidney”’. He raised the question as to its possibility one day at lunch. We had | 


quite an argument. I was thrilled and thought it was a decided possibility. Some 
others felt that it was just absurd nonsense scientifically, and practically an 


impossibility. 
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But after much discussion we decided to try it. The apparatus was con- 
structed, tried on animals with the help of our precious diener, Charlie Kamp- 
haus, found to function and was demonstrated in 1913 at the International 
Congress of Physiology in London and in Groningen. In this connection there 
are some stories. I carried the apparatus to Europe. In Groningen, on getting 
off the street car, a man on a bicycle crashed into me and knocked me down flat 
on the street, but fortunately I held the artificial kidney aloft and it escaped 
unharmed. The professor said, “Think of going 4,000 miles to demonstrate a 
new apparatus and having it shattered at the door of the institute in which it 
was to be exhibited! Rowntree, we sure are fortunate.” 

The artificial kidney was a real success. It revealed for the first time the 
presence of amino acids in the blood. Dr. Abel isolated three amino acids and 
postulated the presence of others. On arrival home from Europe, we read where 
Professor Abderhalden, using our principle, had isolated fourteen amino acids. 
The artificial kidney proved successful in clearing the blood of nephrectomized 
dogs of waste products for several days. In passing may I say that our artificial 
kidney was the first artificial organ ever to be employed in medicine and that 
now today many great medical centers keep an up-to-date artificial kidney 
constantly on hand and a trained crew to use it. It has tided over many pa- 
tients and saved many lives. 

One morning a young man came into his laboratory and said, “Dr. Abel, 
I’m from ‘The Sun’. I have come over to get a story on your work on sleeping 
sickness”’. I felt that I should leave and started out but Dr. Abel called me back. 
He then explained to the reporter that our work was in its infancy, that we had 
not gone far enough to justify publicity. He stated that when it was completed 
it would be presented to a scientific society and published in their journal. He 
further asked the young man for his card and promised to send him a reprint of 
our article when published. 

After the reporter’s departure, Dr. Abel explained to me that it was the 
young man’s “job” to get a story, if he could. But says he, “I got rid of him 
without telling him a thing about our work and without hurting his feelings”. 
I was really quite impressed. But that evening in passing the Baltimore Sun 
Building, I saw a great crowd around a bulletin board. It carried a story, 
“Hee-Haw Maud and Professor Abel”. In reading the paper I found a badly 
distorted story of our researches. Naturally, the professor investigated and 
found that a young lad who helped take care of our animals, (including Maud 
our donkey) had graciously granted the reporter an interview, and, inadver- 
tently filled him with misinformation. 

But this boy was really quite a lad and as you can see “devoted beyond 
the call of duty”. 

Needless to say neither Dr. Abel nor I was accustomed to handling donkeys. 
Maud had been infected experimentally with a trypanosome that affects horses 
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and cattle and we were attempting to cure its disease with some new chemicals 
(arsenicals and antimonials) prepared by the professor. This necessitated 
intrajugular injections. But the donkey objected, and was very fractious. So 
the professor asked me to come down and help “steady the donkey” while he 
made the injections. This necessitated my getting under the donkey’s neck, 
putting my arm about his shoulders and holding it steady. But the donkey was 
terrible. Every time the professor started his injection this donkey started to 
buck. After about a half hour’s struggle, Dr. Abel said, ‘““Now”’ but the donkey 
bucked again. But, I had just seen something, our youthful helper, the lad who 
gave the interview to the press, waited for the crucial moment and jabbed a 
spike into the donkey’s belly. I grabbed his hand, the professor saw the spike 
and arrived at the right conclusion. 

Though devoted far beyond the call of duty, the lad received no award. He 

was dismissed ignominously then and there. 
_ Thereafter, the professor and I continued out studies, and with the help of 
Charlie and with the acquiescence of Maud, we succeeded. Some of the drugs 
synthetized by Dr. Abel then have been used throughout all the intervening 
years. 

The years flew by, offers of good positions began to come to me, to all of 
which the professor said, “No”, until Dr. Janeway invited me to become an 
associate professor of medicine in that epoch-making experiment of “full time 
clinical teaching”. More calls came. Again he said, “‘No’’, until I was offered 
the Chair of Medicine at the University of Minnesota. Then the professor said, 
“Yes”, and told me not to worry about finances since he and Dr. Janeway had 
arranged to loan me the money to take me and my family to my new job—The 
Professorship of Medicine at the University of Minnesota. And finally just 
before leaving, he gave me a great dinner to which were invited all the great 
medical men of Hopkins. 

So you can see for yourself that he treated me as a son, and why in turn I 
loved Professor Abel as a father. 

Dr. Abel was truly a great man, a brilliant scientist and withal one of nature’s 
noblest gentlemen. I hope that these stories have been revealing as to the 
character of that great man, John Jacob Abel, The Father of Pharmacology in 
the New World. 
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JOHN JACOB ABEL, DECADE, 1913-1923 
E. K. MARSHALL, JR." 


Let me start with my first meeting with Abel. In the fall of 1910, while a 
graduate student in chemistry working at the Old Hopkins Chemical Labora- 
tory on Little Ross Street, I was asked by Professor Acree one morning to help 
Dr. Abel pass some phosgene into a solution which he was bringing over from 
the Medical School. I had heard of Abel as a great chemist rather than as a 
pharmacologist. Abel arrived alone. I turned on the phosgene and watched the 
bubbles slowly disappear in his solution. He then informed me about the very 
poisonous properties of phosgene. Finally, he said, “‘Does this hood draw well?” 
At the same time he lit a match and held it at the opening of the hood sash. I 
said, “Don’t worry, Sir, I made a pint of pure hydrocyanic acid under this 
hood last week.”” With an upward twitch of the eyebrows, he exclaimed ‘The 
devil you did!” This, alas, was nearly a half-century ago. 

In the fall of 1911, I went over to the Medical School as Assistant in Physi- 
ological Chemistry under Walter Jones. Our quarters were in the attic of the 
Old Physiology Building, just above the floor then occupied by the Department 
of Pharmacology. During my first two years there, I saw Abel fairly frequently. 
Jones and I, the whole Department of Physiological Chemistry with the excep- 
tion of an excellent diener, ate our lunch with the pharmacological group daily 
until Jones had one of his heated arguments with “the old man” and decided 
we should not go below for lunch any more. This lasted for only a few weeks. 
One day in the fall of 1913, Jones called me into his laboratory and said that 
Abel wanted me to change from physiological chemistry to pharmacology. 
Jones advised me to do it because physiological chemistry didn’t amount to 
much anyway, and “the old man” could do more for me than he could. I 
officially joined Abel’s department in September 1914, but attempted to help 
with the laboratory teaching in the spring of 1914. When I went to see Abel 
about changing to pharmacology, he offered me a place in his department and 
said I ought to take it as pharmacology was a much broader subject than phys- 
iological chemistry (Abel’s idea of the scope of pharmacology being the whole 
field of experimental medicine). Then, assuming that I was willing to come with 
him, he began discussing the easiest way in which I could get a medical degree. 
He said it was impossible to do it at Hopkins as no one was allowed to hold a 
faculty position and be a student of medicine at the same time. He had the 
idea that if he allowed me a leave of absence for about six months a year, I 
could obtain my medical degree in Germany provided he could get one of his 
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friends there to sponsor me. Later, I talked with Abel and asked him to find 
out if I could not take my M.D. at The Hopkins provided I did the work of 
the first two years elsewhere in summers and spent most of my time doing the 
clinical work of the third and fourth years here. This was finally arranged. | 
have blessed Abel many times for urging me to study medicine. 

At the time I entered the Department of Pharmacology, Voegtlin had left 
to become Chief of the Pharmacological Division, Hygienic Laboratory in 
Washington, Rowntree had just transferred to the new full-time Department of 
Medicine, and no one with any training in pharmacology was with Abel. I 
was the next man after Abel on the staff despite the fact that I knew no pharma- 
cology. Turner and Rouiller, both chemists, together with Alice Rohde and 
Macht completed the staff. Lamson came as a voluntary worker sometime that 
fall and was later added to the staff. Again, I started to teach pharmacology 
without ever having taken a course in the subject, just as I had done three 
years before in physiological chemistry, and as I did some years later in physi- 
ology. 

Early in the fall of 1912, I was present at the luncheon table when the Pro- 
fessor proposed to make an “artificial kidney”. The blood of an animal was to 
pass from an artery through a series of collodion tubes surrounded by saline 
solution back into a vein. Small cylinders rolled from the luncheon bread were 
used to illustrate the apparatus. The first experiment was performed on the 
afternoon of November 10, 1912, using a two-tube apparatus on a rabbit. Abel 
talked of the clinical application of this machine for the treatment of intoxica- 
tions or to tide over when kidneys were not functioning. I admit, I considered 
such talk visionary. However, in 1926, Haas of Giessen used an “artificial 
kidney” on three patients, and twenty years later the “artificial kidney” was 
put on what appears to be a workable basis. Abel called the process carried out 
by his “artificial kidney” vividiffusion. A preliminary note on vividiffusion was 
presented at the meeting of the Association of American Physicians in May, 
1913. Demonstrations were given in the summer of 1913 at the International 
Congress of Medicine in London and that of Physiology in Groningen. 

As a consequence of the vividiffusion researches, experiments were started 
on removal of large quantities of blood with return of the corpuscles—a pro- 
cedure which was designated plasmaphaeresis. I was brought into this research 
to do certain chemical determinations in the blood before and after plasma- 
phaeresis. Before I knew it, I was incorporated into the study with Lamson and 
Turner, helping with all the animal work. Our results did not confirm the pre- 
vious work of Abel, Rowntree and Turner that plasmaphaeresis was a harmless 
procedure: our dogs died with definite symptoms and pathological findings as 
a result of the procedure. Abel was at a loss to explain our results and was a 
little worried. The anticoagulant for the early successful experiments was 
hirudin prepared in the laboratory from leech heads; our experiments utilized 
a purified preparation of hirudin from Sachse & Co. of Leipzig. It occurred to 
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me that this difference in hirudin might be the trouble, the German preparation 
being toxic. On mentioning this to Abel, he said that the Germans always did 
things well and that their preparation of hirudin had been given to human 
beings and was quite all right. However, my suspicions of the German hirudin 
were not abolished. One night I induced Charlie Kamphaus, Abel’s excellent 
and faithful diener, to get me a couple of dogs and meet me at the laboratory at 
eight P.M. I told him I was going to “steal” some of the Professor’s German 
hirudin and give it to the dogs. Charlie at first had doubts of the wisdom of 
my procedure, but soon agreed that we should try it as the Professor was always 
interested in the truth. We carried out our injections, watched the dogs and 
left at midnight. One of the dogs was sick. The next morning both dogs were 
dead and an autopsy showed the identical picture seen in our plasmaphaeresis 
dogs. Abel was delighted when I told him of the results, never inquired where 
I had gotten the hirudin, but gave me more hirudin and finally with great 
trouble got me some leeches. The extract I made from leech heads was non- 
toxic for dogs. 

Shortly after I joined the Department, Abel was asked to give the first Mel- 
lon Lecture. Several months were spent in preparing the lecture which was 
given at the end of February. Abel did a great deal of the work at home and 
Charlie carried back and forth many large baskets of books. Since vividiffusion 
and plasmaphaeresis were to be the topics for a considerable part of the lecture, 
he delved deeply into the ancient lore and history of blood letting. This histori- 
cal material occupies twelve printed pages of the published lecture. One 
Sunday towards the end of his preparation, he asked me to come out to his 
house. I spent the entire day there helping him check references and finally 
carrying away a lot of material from which slides were to be made. This was 
quite an experience to see how the Professor worked amidst his many reference 
books and papers. One obtained an idea of the thoroughness with which he did 
things, of the breadth of view which he had, and of his giving all that one had 
to whatever was being done. All of Abel’s addresses show this same pains- 
taking, careful preparation. 

Abel was well aware of the importance of recognizing and using new develop- 
ments in science of potential value to his field. On his trip to Europe in the 
summer of 1913, Abel visited Pregl at Graz and was very much impressed with 
his newly devised methods of microanalysis. In fact, on his return he tried to 
arrange to have one of Pregl’s men come over to his laboratory. On account of 
finances, an arrangement was perfected for the man to come and spend some 
time with Levene of the Rockefeller Institute as well as in Baltimore. With the 
outbreak of the War, the man did not come in 1914-15, but was expected for 
the academic year 1915-16 as shown by the Medical School catalogue listing 
among the members of the Pharmacology Department Hans Lieb, Lecturer 
(analytical methods). However, Lieb never came, although a large amount of 
microanalytical apparatus did arrive. This reposed in a case in the hall with 
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signs forbidding any of the staff to touch it. It remained dormant until Oscar W 
Wintersteiner came from Pregl’s laboratory in the fall of 1926 to work with to A 
- Abel. I believe Wintersteiner found most of the apparatus outdated or injured He a 
4 in one way or another. Another example of Abel’s ability to forsee important veloy 
developments was his attempt to establish a department of biophysics in the talk, 

Medical School. Actually, during the academic year 1921-22, biophysics is that 
a listed in the catalogue as a department of instruction. It was in charge of a retu’ 
a lecturer but was under the Department of Pharmacology. At the time of his gave 
- biophysical enthusiasm, Abel purchased from his limited funds an infra-red give 
‘cf spectroscope and had an assistant working with it for two or three years. eigh 
Abel taught by example. He exercised a great influence on pupils, assistants that 

7 and others who came in contact with him; he served unconsciously as a very mor 
e effective catalyst for the research work of men working in his laboratory on On 
, their own problems. None failed to profit by his intense enthusiasm for his L 
research, his youthful outlook on science, his tremendous optimism that the pay 

morrow would yield the coveted result, his fearlessness in engaging in difficult seal 

problems or in controversies and the simplicity of a very lovable man. To show sar 

how research occupied so much of Abel’s life, I can cite the following. Twice of 3 

ae just before lunch on Saturday, Abel came to me and handed me two tickets for tha 
4 a matinee that afternoon, whispered that I go and meet Mrs. Abel and tell her the 
i it was impossible for him to get away. Mrs. Abel did not seem surprised and ser’ 
told me that this sort of thing had happened before. ing 

As far as I recall I never discussed any details of my research with Abel. He 1 

knew in a very general way what I was trying to do, but gave me the impression fus 

that he had enough confidence in me not to bother me. On the occasions when I un 

took him a completed manuscript for publication in the Journal, he would look the 

it over rapidly, come to me and say, “My boy, that’s a fine paper, we’ll send un 

it right away to Williams and Wilkins.” In spite of what I have said, I am sure the 

that Dr. Abel exerted a marked and very beneficial influence on all of the re- suj 

P search I carried out in his laboratory. pe 
Z I was probably the last first assistant of Abel when he gave a good many of Ak 
ms, the lectures in the course; at least this is the impression I get from Lamson, who die 
; succeeded me and who had trouble getting the Professor to give the opening po 
lecture. When lectures were given at twelve noon, many times I have seen the of 

Professor’s laboratory so filled with books that one could hardly enter. At be 

about eleven thirty when I looked in he would talk about how much there was of 

to know about the subject and how important this or that man’s work was. If pI 

one sneaked into the lecture hall for the lecture, one was disappointed. The le 

Professor had “Useful Drugs” in his hand and might read a whole page ver- gl 

batim. However, in my time Abel resented very much any insinuation that he te 

did not do his share of lecturing. He used to tell me of the old days when he of 

taught a great deal of physiological chemistry, pharmacology and toxicology, w 

to say nothing of pharmacy when no pharmacist was available. 
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We had fifteen minute talks before the laboratory experiments. I would go 
to Abel in the morning and ask if he would give the talk or if I should give it. 
He always asked the subject of the experiment, dug in his case to find an en- 
velope containing notes, and said he would perform. About an hour before the 
talk, he might come to the lunch table and say that I had better give the talk 
that day as he was in the midst of something. In the winter of 1919, when I 
returned from Army Service, Abel divided the remaining lectures between us. I 
gave one of my blocks of lectures and told the Professor that he had agreed to 
give the next five lectures. These lectures were scheduled for nine A. M. At 
eight A. M. on the morning of Abel’s second lecture, Mrs. Abel telephoned me 
that Dr. Abel had a bad headache and wanted me to take his lecture that 
morning. Thereafter, I prepared not only my own lectures but Abel’s as well. 
On the whole, I think I profited later from this experience. 

Dr. Abel used to intimate, without saying so outright, that one should not 
pay too much attention to teaching as it was likely to interfere with one’s re- 
search which was the important thing. Lamson seems to have gathered this 
same impression as to Abel’s attitude toward teaching. However, every couple 
of years or so, he received from one of his minor clinical colleagues a statement 
that Hopkins students had done very poorly on State Board Examinations in 
the field of pharmacology. For some reason, Abel took this criticism very 
seriously and would tell the staff they had better pay more attention to teach- 
ing. 

During the decade 1913-1923, Abel’s research was concerned with vividif- 
fusion and plasmaphaeresis mainly during the early part of this period. An 
unrelated study arising from a controversy with Meltzer was carried out during 
the plasmaphaeresis period. Meltzer had announced a theory of a hitherto 
unrecognized mechanism for the distribution of substances in the absence of 
the circulation. His studies were carried out on cardiectomized frogs; drugs were 
supposed to reach nerve centers by diffusion, osmosis, capillarity, etc. inde- 
pendent of the action of the lymph hearts. In a keen analysis of this problem, 
Abel furnished convincing proof that the production of convulsions in car- 
diectomized frogs is dependent on the functioning of the lymph hearts; if the 
posterior lymph hearts, as well as the anterior ones are destroyed, the injection 
of convulsant drugs produces no effect. Other researches during this decade may 
be mentioned. In his vividiffusion experiments Abel had noted a small amount 
of biuret-yielding substance in his dialysate. This led to a detailed study of the 
presence of albumoses in the blood and in the tissues. The work on albumoses 
led to an extensive investigation of the active principle of the posterior pituitary 
gland. Histamine was found in the posterior pituitary gland, but was not specific 
to this tissue. At one time Abel believed that histamine was the active principle 
of the posterior pituitary gland, but within a year had abandoned the view as 
untenable. 

During my time the Department of Pharmacology had a very small total 
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budget, less than many investigators now receive as one of the more modest 
grants-in-aid for a single research project; the total supply account could not 
purchase some of the single pieces of apparatus investigators obtain from 
grants; and the salaries of the staff were extremely small. There were no tech- 
nicians but a couple of excellent dieners of the type never seen now; there was 
no secretary until towards the end of my time; and the one telephone was in a 
dingy, dirty closet lit by a naked electric bulb. In spite of all this there was 
something about Abel’s laboratory and the men working there which seems to 
me to have been very superior in a scholarly, scientific way to anything in many 
of the laboratories of today, plentifully supplied with money for research, 
loaded with technicians, and overcrowded with expensive apparatus. All in the 
laboratory including the Professor were at work with their own hands. Several 
students were there working with one or another of the staff. It was very 
unusual on Sundays and many nights of the week to find the laboratory with- 
out a worker, sometimes several. There was free discussion among the staff 
about their own research as well as about “science” in general. Somehow one 
felt that what one was doing was the most important thing in the world. The 
morale was excellent. I do not know whether things were the same in other 
laboratories at this time, but I am sure that Abel’s personality had a great 
deal to do with the spirit of his laboratory and staff. 

During the decade 1913-1923, I was away from Baltimore for about three 
years, 1917-1918 in Army Service and 1919-1921 as Professor of Pharmacology 
at Washington University, St. Louis. I returned to Baltimore as Professor of 
Physiology in the summer of 1921. Although I was in touch with Abel for over a 
quarter of a century, the most pleasant and profitable time was the four or five 
years just before our entry into World War I. There was a very fine and active 
group in the laboratory and all of them had different backgrounds. In these 
years at one time or another we had Rowntree although of the Medical De- 
partment; Norman Keith, medical consultant to the new Brady Urological 
Institute; Lamson, Binger and Pincoffs who along with Keith had breakfasts 
and dinners with me at the old Johns Hopkins Club; B. B. Turner, an English 
chemist with a tremendous fund of information, Rouiller, Macht and Alice 
Rohde. 

It was not only his important contributions to science which made Abel a 
great man, but equally important was that undefinable something which he 
gave to all who worked any length of time in his laboratory. All of those who 
were in his “shop” at one time or another were well aware of his marked in- 
fluence, but could not clearly describe how it was exerted. The fact that he had 
exhibited on many occasions the frailties of mankind enhanced his influ- 
ence on his pupils. The graciousness and charm which I felt in his laboratory will 
probably never be seen again. 
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JOHN JACOB ABEL, DECADE, 1923-1932 
E. M. K. GEILING! 


I shall never forget that Monday morning, March 21, 1921, when I first met 
Dr. Abel in the hallway of the Pharmacology Laboratory of the Hopkins Medi- 
cal School. “‘The Professor” as he was known to his many associates and friends, 
was dressed in his typical laboratory attire—white surgical operating room cap, 
gray sack coat, and a long white apron. With a friendly smile, he greeted me 
cordially, placed his arm around my shoulders, said that I was welcome to his 
department and that he had plans for my participation in some of his researches. 
Dr. Abel then suggested that I join the staff lunch table in the laboratory. He 
casually mentioned that it was an informal gathering composed of the staff, a 
few medical students, and visitors. There were no set topics for conversation; 
it was more in the nature of a forum where subjects of pharmacological and 
medical interest, as well as current topics, were discussed. These gatherings, he 
said, replaced the more formal seminars which are standard exercises in most 
departments. Dr. Abel next introduced me to Dr. Paul Lamson, the Associate 
Professor and Chief of the Laboratory, and then excused himself, saying that 
he would be occupied most of the day with Dr. E. K. Marshall, the newly ap- 
pointed Professor of Physiology who was to succeed Dr. William H. Howell, 
the incumbent of this chair for many years. The rest of the morning was spent 
with Dr. Lamson, who acquainted me with the customs and procedures of the 
laboratory and then introduced me to the remaining staff members. Lastly, I 
met Charlie Kamphaus, the major-domo of the department who was busy 
checking the supplies for the day’s lunch. Dr. Marshall was the luncheon guest; 
the topic of conversation was of a reminiscent nature in which he recalled 
some of his earlier and humorous experiences while associated with the labora- 
tory. Dr. Abel was at the head of the table, and enjoyed the conversation about 
the early days in the laboratory. 

After attending a number of these lunches, one realized why Dr. Abel pre- 
ferred them to the more formal type of seminar. Visitors invariably found them 
to be a delightful experience. I recall that a number of distinguished guest 
lecturers, such as Professors A. R. Cushny, W. E. Dixon, J. W. Gunn, W. 
Straub and others, would prolong the lunch hour well into the afternoon dis- 
cussing scientific problems with Dr. Abel or other staff members. 

This first day in the laboratory left me with an indelible impression and a 
determination to give of my best to this unusual and friendly individual. I 
could not fathom why a very busy person, a distinguished professor, with an 
international reputation would greet with such cordiality a young man who 
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had not yet completed his formal training, and also make him feel that he 
“belonged”, and was one of the “family.” In time, others joined the depart- 
ment, and I was gratified that they, too, were deeply impressed with the 
warmth and sincerity with which Dr. Abel welcomed them. I take the liberty 
of quoting from a letter of one of his associates who joined the department 
in 1926:? 


“What astonished and immensely impressed me as a European during these first days 
after my arrival in the fall of 1926 was the friendly informality with which the Professor 
treated the younger research people and the technicians, and the free and relaxed atmos- 
phere pervading the whole place, which contrasted so strongly with that engendered by the 
rank-conscious, hierarchic system under which I was apprenticed. Indeed, my first encounter 
with ‘the Professor’ made clear to me that things were different here in this respect. When I 
made my way up the stairs to the third floor I met him coming down, but I had, of course, 
no inkling that the old gentleman with the white cap who looked like something of a cross 
between Uncle Sam and a Chinese Mandarin, was the famous Professor Abel with whom I 
was to work. He gave me a friendly smile and what to me looked like a wink, which puzzled 
me a bit at the moment. He showed me into his office, put his arm around me, and said 
‘Iam so glad, my boy, that you have come; we have been looking forward to you’. Certainly 
no Geheimrat or Hofrat would ever have given a young nobody a reception like that, and it 
made a deep and lasting impression on me.” 


In my opinion, this unique quality in Dr. Abel was largely responsible for 
the friendly and informal spirit which pervaded his department. 

Abel, the Scholar. The opportunity of being closely associated with so 
scholarly and idealistic a person as Professor Abel was, indeed, a rare privilege 
and most rewarding. In time, the Professor permitted me to participate in the 
preparation of some of his outside lectures and in our research papers. Those 
who worked closely with Dr. Abel were deeply impressed with the tremendous 
effort expended by him in searching the literature, and the skill with which he 
wove the material into a scholarly lecture. He had a sense of humor, and embel- 
lished his lectures with an occasional amusing story. You will hear a few of 
these this evening in the Abel film. 

Abel, the Teacher. Professor Abel was not regarded as a popular lecturer by a 
number of the medical students. Nonetheless, they viewed him with awe, and 
were deeply impressed by his sincerity and his wide knowledge not only of 
pharmacology, but of medicine and science in general. In his later years he 
gave few lectures to the students, and delegated this responsibility to his staff. 
He did, however, visit the students in the laboratory while they were conduct- 
ing their experiments, and thus made them feel that he was interested in their 
work. He offered appropriate comments to the various groups as he was making 
his rounds. 


? This letter is typical of the many which I received from former associates in Professor 
Abel’s laboratory in answer to my request for their impressions of him and his laboratory. 
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His greatest success as a teacher was in the laboratory where his enthuisiasm 
for research, his industry, his dogged determination, and above all, his elegant 
technique were a great inspiration to all. He taught by example, rather than by 
precept. 

Personnel of the Laboratory. During the years 1921-1932, the personnel of the 
Pharmacology laboratory was truly international in character. At different 
times during this period the following countries were represented: Australia, 
Austria, Canada, China, Cuba, Germany, Great Britain, Holland, Japan, 
Poland, Spain and the Union of South Africa. Needless to say, that the dif- 
ferent sections of the United States were well represented during all this time. 
A considerable number of Fellows were attracted to Dr. Abel’s laboratory; 
they either worked independently or with one of the staff members. 

Work Comes First. It was understood by those who worked closely with Dr. 
Abel that they were to share his enthusiasm for the problem at hand. This 
meant that they were expected to place work ahead of their own outside ac- 
tivities. 

The following incident is an illustration in point: It was customary in the 
Abel family to set aside the Fourth of July as the day on which Mrs. Abel would 
invite a few of her close friends in the Office of Nutrition in Washington to a 
mid-day luncheon at their home in the country. On this particular Fourth of 
July, Dr. Abel telephoned in the morning and suggested that we go to the 
laboratory to check on a very important pituitary preparation which he had 
made the previous evening. Naturally I agreed to call for him at his home and 
in a short time we were on our way to the laboratory. I realized that this would 
mean the setting up of a blood pressure experiment and I was prepared for his 
suggestion. When he hesitatingly mentioned how valuable it would be if we 
could measure the pressor activity of this preparation on an anesthetized cat, I 
replied that it would be possible to do so provided we could get an animal from 
the animal stock room which would be locked because of the holiday. Fortu- 
nately the animal caretaker had left one of the windows open; this enabled me 
to enter the room. The cat was promptly anesthetized and the experiment was 
ready for testing the precious material. Dr. Abel telephoned Mrs. Abel that we 
would be late for her luncheon and not to wait for us. By the time we arrived 
at his home the guests were preparing to leave. He very apologetically greeted 
them and explained that this experiment was a most important one; and he 
hoped they would excuse him. They, of course, nodded their assent. After the 
guests had left, Dr. Abel affectionately placed his arm around Mrs. Abel’s 
shoulders, apologized profusely for missing the luncheon. Mrs. Abel, with a 
smile, assured him that she was most happy that he had such a successful ex- 
periment, she was sure the guests would understand and that the cook had 
saved lunch for us. Needless to say, both Dr. Abel and I did full justice to it 
even though more than three hours late. 
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Abel, the Stoic. One of Professor Abel’s outstanding characteristics was his 
resignation to personal pain or injury, and his extreme conservatism in the use 
of drugs. He suffered a great deal from headaches, especially in his later years, 
but he refused any analgesic medication. If the pain became excessively severe, 
he would remain in bed for a day or so. 

Another incident which left a deep impression on all of us occurred the very 
day on which Dr. Abel first crystallized insulin. Just after leaving the laboratory 
that evening he was struck by an automobile and suffered a fracture of his leg. 
It was only after some persuasion that Dr. Abel consented to have the broken 
limb placed in a cast. He insisted, however, on being taken to his home, and 
refused to remain in bed. A few days later, when he could move on crutches, he 
came to his laboratory, and worked with his accustomed enthusiasm. When 
his associates commiserated with him, he would say “A little pain is really not 
a hindrance to research; on the contrary, it helps to keep one alert.” Five weeks 
after the accident, and with his leg still in the cast, he traveled to Chicago to 
deliver the Sixth Pasteur lecture before the Chicago Institute of Medicine. He 
received a fine ovation from an appreciative audience. 

Abel, the Investigator. He was first and foremost an investigator with an in- 
domitable enthusiasm and unquenchable devotion to research. His own in- 
vestigations extended over a wide variety of subjects, ranging from those of 
therapeutic interest to those of a more fundamental character. In all of his 
work he applied his wide knowledge of chemistry and read the literature care- 
fully and critically. The isolation of biological principles, such as hormones and 
toxins, as chemical entities, held a special fascination for him throughout his 
life. The mechanism of their action was also one of his main concerns. 

Ingenuity and original thinking characterized his work. His technique was 
truly marvelous; his ability to handle minute amounts of material was amazing. 
To him, successful research was its own reward, and he consistently refused to 
commercialize his scientific findings. His adherence to such principles had a 
significant influence in elevating the status of pharmacological research work 
in the United States. 

Practically all his investigations contained the element of daring and could 
be characterized as pioneering or exploratory in nature, especially when viewed 
in the light of knowledge then available. 

Posterior-Pituitary Researches. His dogged persistence, his refusal to be dis- 
couraged when things did not turn out as he had hoped, and the serenity with 
which he would start off on another tack are well exemplified in his long and 
difficult investigations into the chemistry of the posterior pituitary hormones. 
When he began his work in this problem, the starting material was very limited; 
the yields were small; the assay methods were tedious and not too reliable; 
there was no post-pituitary standard available; the standard of comparison for 
the oxytocic activity of the posterior lobe extracts was histamine, a pure 
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chemical of simple structure, with a very potent action on the virgin guinea 
pig’s uterus, but quite unrelated chemically to the hormones of the posterior 
lobe. 

Abel’s earlier pituitary studies Abel and Kubota (1919), and Abel and Naga- 
yama (1920), Abel and Rouiller (1922), and Abel, Rouiller and Geiling (1923) 
were reviewed in some detail by Voegtlin, hence reference will be made here 
only to his last year in 1930. 

In 1924 Professor A. A. Noyes, Director of the Gates Chemical Laboratory, 
California Institute of Technology at Pasadena, California, invited Dr. Abel to 
spend a year, or a part thereof, in his laboratory to work on the purification and 
crystallization of insulin. Adequate amounts of starting material would be 
available. Abel was very pleased with this opportunity. He decided to suspend 
work on the pituitary problem, and went on a summer vacation. In the fall of 
1924 he began working on the insulin problem with his accustomed enthusiasm 
in Noyes’ laboratory in Pasadena, California. (The insulin work will be dis- 
cussed under a separate heading.) 

In 1928 Dr. Abel resumed his attack on the pituitary problem with renewed 
determination. In 1930 he published his last paper on this subject under the 
title: “On the Unitary Versus the Multiple Hormone Theory of Posterior 
Pituitary Principles.” In this paper he reiterates his belief in the urinary theory, 
but this time he includes the melanophore hormone as an intrinsic constituent 
of the urinary principle. Methods are briefly described for the preparation of a 
colorless powder having all the physiological properties of the International 
Standard Powder with an increase in potency of 50 to 60 times the standard. 
On hydrolysis with 0.25 per cent acetic acid the unitary principle which is 
unstable is split into three or more components, namely oxytocic, pressor, 
antidiuretic and melanophore hormones. Abel discusses the work of Kamm 
and Grote (1928) who prepared an oxytocic fraction, and also a pressor frac- 
tion, as separate, but still impure preparations. He believes they are cleavage 
products from the unitary principle; the oxytocin, being split off, and still 
impure, leaving the pressor fraction which is a mixture of pressor, antidiuretic 
and melanophore hormones, and some of the unchanged unitary principle, and 
impurities. 

Mention must be made of the outstanding researches of du Vigneaud, a 
former associate of Dr. Abel’s, which culminated in the isolation of oxytocin and 
vasopressin as pure chemical entities. Somewhat later followed the announce- 
ment of the structure of these two principles, and more recently their chemical 
synthesis. 

The specific pharmacological properties of pure oxytocin, whether obtained 
from the gland or by chemical synthesis are practically identical; and the same 
holds true for vasopressin. At first they thought that their pure oxytocin ob- 
tained from glands was devoid of pressor and antidiuretic activity. However, 
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van Dyke found 7 units of pressor and 3 units of antidiuretic activity per mgm. 
in the pure oxytocin furnished by du Vigneaud. Furthermore, the pure syn- 
thetic oxytocin also contained pressor and antidiuretic activity. This very 
important fact led du Vigneaud and his group to conclude that these two 
activities are inherent in the oxytocin molecule. In addition, they found their 
pure vasopressin, with a pressor and antidiuretic potency of 500-600 units per 
mgm. as measured against the standard powder, also contains a small amount of 
avian depressor, uterine contracting and milk ejecting activity (“only a fraction 
of the potency of oxytocin’’). (Excerpts from Trail of Sulfur Research: From 
Insulin to Oxytocin—Vincent du Vigneaud—Science, 1956, 123, p. 967.) 

Thus far Abel’s unitary principle has not been isolated and shown to be a 
chemical] entity which upon hydrolysis yields components having physical, 
chemical and biological properties similar to du Vigneaud’s pure oxytocin and 
vasopressin. 

Abel and co-workers supported the unitary principle theory largely upon the 
fact that they obtained potent preparations in which the pressor, antidiuretic, 
oxytocic, and melanophore activities remained in the same proportion 
(1:1:1:1) as found in the posterior pituitary standard powder. This standard 
powder is prepared from beef glands in which the posterior lobe is a mixture of 
neural and of intermediate lobes. However, careful studies of the pituitary 
glands of the whale, the chicken and the armadillo revealed that in these species 
the gland is composed of only two discreet lobes—each encased by a separate 
membrane. In these species extracts of the neural lobe contain only oxytocic, 
pressor and antidiuretic activity; while extracts of the other lobe, which is 
composed of both anterior and intermediate lobe cells, is rich in melanophore 
activity, and has no oxytocic, pressor and antidiuretic activity. 

These newer facts concerning the structure of the pituitary gland strongly 
suggests that the melanophore hormone found in extracts of the posterior lobe 
(neural and intermediate) of beef pituitary gland originates in the intermediate 
lobe and is not an intrinsic compound of neural lobe extracts. 

Whether oxytocin and vasopressin exist as such in the posterior pituitary 
gland; whether they are components of a single large unstable molecule—the 
unitary principle; or whether they are components of separate “native” protein 
hormones is still a moot point on which du Vigneaud’s epoch-making work 
does not have a direct bearing. 

We are thus left with the conclusion that the fundamental question raised by 
Professor Abel remains today unsettled, though of great biological importance. 
It may be solved by the use of the more refined techniques of cytochemistry, 
enzymology, chromatography, and possibly of radioactive isotopes, such as 
sulphur 32. 

It is my impression that Dr. Abel looked upon his post-pituitary researches 
with somewhat a feeling of disappointment. However, I believe that he would 
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have been very happy had he lived to witness the culmination of his pioneering 
efforts in the brilliant work of one of his associates, Professor du Vigneaud, who 
succeeded not only in isolating both the oxytocic and pressor principles but 
also in determining their structure, and effecting their synthesis. For this Dr. 
du Vigneaud was awarded the Nobel Prize in 1955. 

Crystalline Insulin. It is generally agreed that Dr. Abel’s outstanding re- 
search accomplishment is the crystallization of insulin in 1925, at the age of 
sixty-eight. He decided to attack this problem following an invitation from the 
Executive Council of the California Institute of Technology to spend either a 
part or all of the academic year (1924-1925) at the Institute “for the purpose of 
carrying on researches on the concentration of insulin.” One of the main 
attractions to this project was the fact that an adequate supply of a fairly 
pure commercial insulin (Iletin-Lilly) would be available. Work was started in 
The Gates Chemical Laboratory of the Institute in the autumn of 1924. 

By a series of simple precipitations with the use of pyridine, phenol, acetic 
acid and sodium chloride, the commercial preparation was separated into four 
fractions. Fraction IV contained practically all of the activity which was raised 
from the initial 8-12 units per mgm. to 40 units per mgm. This fraction, too, had 
the highest “labile” sulphur content. It was proved that when “an insulin of 
high unitage is boiled for a short time with N/10 NazCOs, the resultant physio- 
logical inactivation is always associated with an alteration in the linkage of a 
part, if not all, of the sulphur of the hormone. 

This important observation by Abel, in my opinion, is attributable to his 
alertness and his long-standing interest in biological principles containing 
labile sulphur. For example, one of his early papers (1894) dealt with the pres- 
ence of a labile sulphur compound in dog’s urine. In 1894 he also published a 
review article in the Bulletin of the Johns Hopkins Hospital entitled “A 
Contribution to Our Knowledge of Organic Sulphur Compounds in the Field of 
Animal Chemistry.” It is thus not surprising that he was alerted to pursue this 
important clue early in the insulin researches which lead to the important 
deduction that /abile sulphur is an integral part of the insulin molecule. 

This important observation was the subject of the first communication in the 
series of papers dealing with the purification and crystallization of insulin and 
is entitled: “Is Insulin an Unstable Sulphur Compound?” (1925). 

Dr. Abel returned to Baltimore in February 1925 and proceeded with the 
next step which was the purification of the insulin-containing fraction—Frac- 
tion IV—having a unitage of about 40 or more units. (Refinement of the earlier 
methods yielded more potent material.) Purification consisted in dissolving the 
material in N/6 acetic acid and then precipitating with an acidulated solution 
of brucine. The resulting clear supernatant fluid containing nearly pure insulin 
was separated from the precipitate by centrifugation, and was then precipitated 
with N/6 pyridine and the precipitate and fluid were immediately centrifuged. 
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The precipitate which settled out was largely crystalline in character, the sides 
of the tube were found to be coated with glistening highly refractive crystals 
(of high potency). Abel announced the crystallization of insulin in a short com- 
munication in the Proceedings of the National Academy of Sciences for February 
1926. Some chemists received this important announcement with skepticism. 
The main criticism advanced was that the highly potent hormone may be 
adsorbed on an indifferent crystal. This and other objections were answered in 
detail by Abel, Geiling, Rouiller, Bell and Wintersteiner (1927). In their paper 
a short method of preparing crystalline insulin is described in detail; the role of 
pyridine and brucine acetate is explained. The pH of the solutions at various 
steps was carefully controlled by a microcolorimetric method devised by Dr. 
M. L. Tainter, a National Research Council Fellow in the laboratory, who 
used the Michaelis nitrophenol series of indicators. Repeated recrystallization 
under different conditions failed to modify the activity of the crystals. The 
elementary analyses of carbon, hydrogen, oxygen, nitrogen and sulphur are 
given, and a small amount of inorganic ash is mentioned. It was planned to 
determine the nature of this ash, but unfortunately what seemed more urgent 
projects were given precedence. The crystals gave the characteristic reactions 
of a protein, were levorotatory and dimorphous. The data reported in this im- 
portant communication warranted the authors to conclude that the crystals 
represent the pure hormone, and were not indifferent crystals with the hortnone 
adsorbed on their surface. 

At this stage several well trained and skilled biochemists and pharmacolo- 
gists joined the project. Included in this number were H. Jensen, V. du 
Vigneaud, and David Campbell (now Sir David). A comprehensive program to 
elucidate the components of the insulin molecule was outlined, and additional 
studies were undertaken to rebut some of the later criticisms. The planning 
and execution of these researches was left entirely to the various teams into 
which the members were grouped. Dr. Abel did not participate in these later 
studies; he returned to work on the posterior pituitary problem. However, he 
did follow the progress of the work with keen interest, and commented on the 
fine team work. Relatively large amounts of crystalline insulin had to be pre- 
pared for hydrolysis. A number of points had to be settled to be sure that there 
was no brucine present in the material used for hydrolysis. Hence the teams of 
du Vigneaud, Jensen and Wintersteiner prepared crystalline insulin without the 
use of brucine. The presence of insulin from pigs’ pancreas in the starting 
material also interfered with the crystallization of insulin. From the hydrolysis, 
as I recall, only beef insulin was used. From the hydrolysate the above named 
team isolated and characterized the following amino acids: Tyrosine, cystine, 
glutamic acid, leucine, arginine, histidine, lysine, proline and phenylalanine. 
Crystalline insulin was also prepared from the islet tissue of teleostean fishes 
(Cod and Pollock), and from pig insulin. Further evidence was adduced that 
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crystalline insulin behaved like a simple protein. The nitrogen distribution of 
crystalline insulin paralleled that of various proteins. Additional studies were 
carried out to furnish further proof that crystalline insulin is not an adsorption 
product, but a true crystalline protein. A number of additional studies were 
carried out with crystalline insulin; such as the preparation of an acetyl de- 
rivative with only one-fifth the activity of the original compound. Hydrolysis 
of the acetylinsulin with N/100 sodium hydroxide produces a product with 
only about one half the activity of crystalline insulin. 

Sanger and his associates at the University of Cambridge, England, have re- 
cently worked out the complete amino acid structure of the insulin molecule. 

Mrs. Mary Hinman Abel. No discussion, however brief, of Dr. Abel’s achieve- 
ments would be adequate without reference to the important role played in his 
life by Mary Hinman Abel. She first met Dr. Abel when he came to La Porte, 
Indiana, as principal of the high school where she was teaching English. A 
close friendship ensued and culminated in marriage. They began planning their 
future, and agreed to pool their finances to enable both of them to continue 
their studies in Europe. While Dr. Abel was pursuing his medical studies, Mrs. 
Abel was acquainting herself with the newest developments in the fields of 
nutrition and home economics. In 1888, she wrote an essay to compete for the 
coveted Lomb prize of $500, offered by the American Public Health Associa- 
tion, to be awarded for the best essay on the general topic, “Practical Sanitary 
and Economic Cooking Adapted to Persons of Moderate and Small Means.” 
Seventy essays were submitted for the prize. Mrs. Abel’s essay, ““The Five Food 
Principles Illustrated by Practical Recipes”, was judged to be “not only pre- 
eminently the best of the seventy, but also an admirable treatise on the 
subject.” 

This prize came at a very opportune time, since the Abel finances were almost 
exhausted. This prize money made it possible for Dr. Abel to remain in Europe 
another year to do additional clinical work. The prospects for a full time aca- 
demic post in the United States at this time were dim; however, with additional 
clinical experience, Dr. Abel reasoned that he could return to the United States 
and finance his research activities by part time practice of medicine. 

Quite unexpectedly, the University of Michigan in 1890 decided to appoint a 
full-time Professor of Pharmacology, and Abel was selected as the first in- 
cumbent. He thus became the first full-time Professor of Pharmacology in this 
country, and began his duties at Michigan early in 1891. 

Mrs. Abel had returned to the United States earlier in order to assume the 
directorship of the New England Kitchen in Boston. Later, she was chosen as 
the first Editor of the Journal of Home Economics. She wrote a number of 
technical bulletins for the Office of Nutrition in Washington, D.C.; interested 
herself in civic affairs and also wrote several important books, one in particular, 
entitled “Successful Family Life on the Moderate Income’’, was used for many 
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years as one of the important texts in college courses in home economics. She 
was a frequent contributor to the Sunday editions of various newspapers. 

Mrs. Abel kept a diary, in which the early period of their married life is wel] 
recorded. This document has only recently been made available to me. It 
contains a number of significant facts, hitherto unknown to many of us, which 
will make possible the preparation of a more adequate account of Dr. Abel’s 
family and his boyhood. 

Mrs. Abel catered unceasingly to Dr. Abel’s needs, and discussed his prob- 
lems candidly with him. She read all of his writings critically, and was of 
special comfort to him in his low moments. For almost sixty years ske was 
his companion, counsellor, wife and devoted mother to their two sons. She was 
a graduate of Eimira College, a woman of wide learning, great charm and 
remarkable accomplishments. 

Jointly their lives represented the finest fulfillment of the ideals of our 
civilization. 
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JOHN JACOB ABEL, RETIREMENT, 1932-1938 


WARFIELD M. FIROR! 


Dr. Abel in retirement was indistinguishable from Dr. Abel in active life. 
The cessation of his duties as head of the department did not mean a cessation 
of his investigative work. Actually the conduct of the affairs of the department 
had been in the hands of Dr. Geiling for several years before the formal termina- 
tion of Dr. Abel’s professorship. The most significant aspect of his retirement 
was the moving of his laboratory out of the old Physiology Building into the 
new Hunterian Building. The cardinal characteristics of the professor were not 
altered by his new surroundings but rather accentuated. It seemed as if his 
basic traits were more clearly visible when all the ancillary activities incident to 
the professorship ceased. What were these characteristics that were so clearly 
evident during his so-called retirement? 

To begin with, the chief and indestructible trait of Dr. Abel was thorough- 
ness, which was shown throughout the course of every day; whether it was the 
cleaning of a pipette or the tracking down of an obscure reference. The professor 
in retirement continued to be exasperatingly thorough and painstaking. His 
personal vigor must have diminished somewhat with the passage of the years, 
but it is certain that his determination to do his work with meticulous accuracy 
did not wane. With him it was never a question of how much, or how fast, but 
only how thorough. 

The second dominant characteristic was his complete commitment to science. 
The acquisition of knowledge through scientific disciplines was the great 
motivating force in this man’s life. He once told the writer that in his very early 
years at Johns Hopkins he invested his savings in some common stocks, and 
soon became intrigued by the fluctuations in the stock market and the wonder- 
ful possibilities for the acquisition of wealth by this means. Before many weeks 
he found himself thinking more and more about the trend of the market, and 
decided then and there that he would withdraw completely and permanently 
from speculative investment activities because such interests would interfere 
with the degree of concentration needed in his experimental work. This same 
determination to let nothing distract him from total absorption with his 
scientific endeavors was shown by his advice to a young associate to turn over 
entirely the raising of his children to his wife, and never to allow the problems 
incident to family life to interfere with his research. Dr. Abel was a devotee of 
all science, and not merely the particular discipline in which he was proficient. 
His recreational reading, at least during the years of his pseudo-retirement, was 
in such subjects as physics and astronomy. In early years he may have hada 


' Associate Professor of Surgery, Johns Hopkins University. 
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lively interest in music and art, or may even have had contact with the 
church, but certainly toward the close of his life all such interests had fallen by 
the wayside, and he gave one the impression of a mind living solely in the 
realm of science. 

The third memorable characteristic of this man, which in retrospect is still 
vivid, was his utter simplicity. Here was the foremost pharmacologist of this 
country, outranking by every standard his contemporaries, yet a man of very 
plain and simple habits. This was shown in all the aspects of his personal life, 
and could be seen by everyone who attended the daily lunches in the depart- 
ment, at which everyone from the celebrated visitor to the undergraduate sat 
down together to partake of the same simple fare, and to participate in unin- 
hibited discussion. 

Many, in fact most, men in their seventies are given to living in the past. 
Reminiscence of earlier activities tend to fill their conversation, but Dr. Abel 
was far too much alive and alert and part of the present to fit into the con- 
ventional pattern of old men. Indeed he was old only in time, never in spirit. 
Only once can the author recall Dr. Abel’s reminiscing, and that dealt with an 
incident designed to show Welch’s proclivity for bluffing. At a faculty meeting 
one day Dr. Welch gave a biographical sketch of a second year student named 
Hutchinson, who came from Asheville, whose father was a well-known physi- 
cian and whose grandfather was an officer in Lee’s army. The next day Dr. Mall 
sent a copy of the school catalogue to Welch, with the query “Where is Hut- 
chinson listed?”. There was none such. 

In his final illness Dr. Abel’s behavior was both interesting and revealing. 
Some two or three weeks before his death he developed a cough, and took his 
own temperature, and noted a degree of fever. He asked the author to see him 
at his home but had no intention of taking his medicine. Examination of the 
chest revealed rales at both lung bases. There was slight tachycardia, and per- 
sistent fever. He curtailed his activities, but steadfastly refused to enter the 
hospital or to let a physician be called. After ten days of this, when it was clear 
that we were dealing with a small patch of bronchopneumonia and were getting 
absolutely nowhere with the patient at home, the author found an excuse to go 
out of the city and thereby forced the professor to put himself under the care 
of an internist. The canny old gentleman did not want to go to the hospital, so 
he called in a physician who was not on the Johns Hopkins Hospital Staff. How- 
ever, this wise doctor immediately telephoned Dr. Longcope who arranged for 
hospital admission. A few days later Dr. Abel died suddenly, presumably of a 
myocardial infarction. 
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MECHANISMS OF AIRWAY OBSTRUCTION 
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and Hospital 
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INTRODUCTION 


We have studied the effect of intrathoracic pressure on the resistance of 
the airways both because of its theoretical interest and in the hope that the 
findings may help to differentiate between the various mechanisms which 
contribute to the increased resistance to airflow in the asthma-bronchitis- 
emphysema group of conditions. Currently used tests of ventilatory function, 
such as the Maximum Breathing Capacity and various modifications of the 
Fast Vital Capacity provide good estimates of the severity of airway ob- 
struction, but give little help in discriminating between the mechanisms 
causing the obstruction. Such discrimination is essential if progress is to be 
made in elucidating the basic mechanisms of obstructive disease, its patho- 
genesis and its response to treatment. 

It is now generally recognized that the airways become wider in inspiration 
and narrower in expiration. This cyclic change tends to cause the airflow- 
resistance to be greater during expiration than during inspiration. In normal 
subjects this change in resistance is minimal during quiet breathing but dur- 
ing forced expiration and in emphysema it becomes very great (1). 

One of the important factors involved in the changing diameter of the 
respiratory passages is the pressure difference across their walls; that is, the 
difference between the intraluminal pressure (P,) in the airways and the 
intrathoracic pressure (P;) surrounding them.* When an increased expiratory 


This study was aided by a contract between the Office of Naval Research, Department of 
the Navy, and The Johns Hopkins University (NR 112-101); by funds provided under 
contract AF 18 (600)-435 with the USAF School of Aviation Medicine, Randolph Field, 
Texas; and by funds from research grant H 1929 from the National Institutes of Health. 

! Comyns-Berkeley Fellow of Gonville and Caius College, Cambridge University and The 
Middlesex Hospital Medical School, London, England. Present address: The Middlesex 
Hospital, London W. 1, England. 

? Fellow of the National Foundation for Infantile Paralysis. 

3 We have assumed that the intrathoracic pressure surrounding the alveoli is the same as 
that surrounding the respiratory passages and is equal to the intrapleural pressure. This 
assumption is reasonable when applied to normally functioning lungs but is not strictly valid 
in the presence of obstructive disease with variable amounts of air trapping in different parts 
of the lung. Within small (e.g. sub-segmental) units in which air trapping has occurred, the 
pressure surrounding the respiratory passages may be higher than in unobstructed regions 
because relatively non-compliant septa may prevent equalization of pressure throughout 
the lungs. 
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effort is made, the intrathoracic pressure and the rate of airflow both increase, 
The pressure in the terminal air spaces (alveolar pressure, P,i,) equals the 
intrathoracic pressure plus an amount governed by the elastic recoil of the 
lung (Paiy = Pr + Pxgi”). The increased rate of airflow during an increased 
expiratory effort is associated with an increased pressure gradient (AP) be- 
tween the alveoli and any point in the airways (AP = Pai, — P,). Because of 
this pressure drop, the intraluminal pressure (P,) does not increase as much as 
Paiy or Py. The possibility exists therefore that if a sufficiently great expiratory 
effort is made Py may exceed the intraluminal pressure at some point in the 
airways and cause narrowing of the lumen.‘ This narrowing would increase 
the resistance. 

During a forced expiratory effort, therefore, a level of intrathoracic pressure 
might be reached above which no further increase or even a decrease in flow 
rate might occur. Examination of the data of Fry et al. (2) and of Mead and 
Whittenberger (3) shows that such a decrease in flow rate does occur and 
suggests that the hypothesis outlined above may be valid. We term the intra- 
thoracic pressure at which the maximum flow rate occurs the Maximum Ef- 
fective Intrathoracic Pressure (P;“**®‘f) and the corresponding flow the 
Maximum Expiratory Flow Rate (V_M**). 

We have attempted to measure the Py“** =‘ and the V_M** in normal sub- 
jects and in patients with obstructive disease. 


METHODS 


Three normal subjects, five patients with emphysema and three with asthma were studied 
(Table I). The group of patients with emphysema was specially selected to include only 
those whose history was dominated by progressive dyspnea. Those in whom asthma or 
bronchitis was a prominent feature were excluded. They were studied after the inhalation of 
bronchodilator (nebulized isuprel® 1:200 solution) in order to minimize bronchoconstriction. 
Our aim was to compare this group with the asthmatics who were studied during attacks and 
without the administration of bronchodilator. In the asthmatic patients the major disorder 
presumably was narrowing of the lumen of the air passages by increased bronchomotor tone, 
edema, mucus etc. The group of patients with asthma was selected to include only those who 
were free from exertional dyspnea between attacks, and in whom therefore, the structural 
changes of emphysema were presumably minimal. ‘ 

Airflow was measured by means of a pneumotachometer containing a 325 mesh stainless 
steel screen. The pressure drop across the pneumotachometer screen was measured with a 
Statham differential pressure strain gauge transducer. 

The pressure in the lower third of the esophagus (Pg) was measured by means of a thin 
walled balloon (12-16 cm. long) and a polythene tube of 1.5 mm. bore. These were prepared 


4 PL = Paw — AP; PL = Py + Pei’ — AP. When Pei’ =AP, Py will equal Pr. With 
greater expiratory effort AP will increase without change in Pgi’, and Py will therefore be 
less than Py. When the intraluminal pressure (P,) is less than the surrounding pressure 
(Pr), this pressure difference will tend to narrow the lumen. This reasoning and the under- 
lying assumptions are further examined in the discussion. 
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TABLE I 
Routine Ventilatory Findings 
Max. Breathing 
Vital Capacity One Sec. V. C. Capacity 
— Ae ' Before After Before After Before After 
broncho- | broncho- | broncho- | broncho- | broncho- | broncho- 
dilator dilator dilator dilator dilator dilator 
R.L.R. Normal 44 69 5240 163 
E. J. M. C. | Normal 29 | 73 6030 — 5980 _ 211 _ 
E. V. Normal 32 | 72 6550 5610 199 
E. B. Emphysema | 52 | 74 14} 2380 3080 890 1290 36 42 
R. D. Emphysema | 66 | 61 4%4| 1910 2360 900 1110 28 31 
J. M. Emphysema | 43 | 66 1730 2040 800 1100 34 39 
=P. Emphysema | 67 | 65 14} 2400 2560 854 1033 34 45 
ST. Emphysema | 56 | 69 2670 2695 831 787 28 31 
3A. Asthma 20 | 63 %| 1817 3300 695 2690 _ — 
J. B. Asthma 40 | 66 14) 3078 3975 1843 2335 42 56 
G.C. Asthma 22 | 65 34) 763 3930 494 3772 _ 104 


in the manner recommended by Mead et al. (4). The pressure difference between the esoph- 
agus and the mouthpiece was measured with a Statham differential pressure strain gauge 
transducer. In recent years the esophageal pressure has been extensively used as an index of 
intrapleural and intrathoracic pressure. The limitations of the esophageal pressure in this 
respect have been examined by Cherniack et al. and by Mead and Gaensler (5, 6). It appears 
from their data that the esophageal pressure is a sufficiently good index of intrapleural 
pressure for the purposes of our study. 

Tracings of airflow and esophageal-mouth differential pressure were recorded simul- 
taneously by means of a Sanborn amplifying recorder. The recording paper was run at a 
speed of 100 mm/sec. All subjects were in the sitting position. The pneumotachometer was 
calibrated with a rotameter. The volume of air moved was determined by integration of the 
flow tracing. 

The pressure required to overcome non-elastic resistance during quiet breathing was 
measured from the pressure-volume loop and plotted against the simultaneously recorded 
rate of flow to give a value for resistance. Resistance was measured in this way during in- 
spiration at rates of airflow of 0.5-1 L/sec. Non-elastic resistance as determined in this 
manner includes lung tissue viscous resistance but is chiefly airflow resistance. (7) 

The determination of P;™** ™‘ presented additional problems. The lag of the esophageal 
balloon—strain gauge—recorder system on the pneumotachometer—strain gauge—recorder 
system was found to be less than 0.005 sec. However, it was found that there may be a delay 
in the response of the esophagus itself to rapid changes in intrathoracic pressure. This delay 
was measured as follows: The subject made a shallow short expiratory effort which produced 
a peaked record of flow and of esophageal pressure. The lag of the pressure peak on the flow 
peak was measured. This procedure was repeated a number of times and the mean value for 
the lag was used in measuring the Py™** ™* as described below. The lag was found to vary 


between subjects within the range 0.01-0.05 sec. (normal subjects 0.01-0.03 sec.; patients 
with emphysema 0.01-0.05 sec.). 

In one of the normal subjects, simultaneous mouth and esophageal pressure records were 
taken while he made short sharp expiratory efforts against a closed valve so that no airflow 
occurred. The lag of Px in relation to mouth pressure was found to be the same as that ob- 
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tained using the pneumotachometer and thus excluded errors in the determination of the lag 
due to airflow. 

The subjects performed maximal expiratory efforts at two lung volumes, the resting 
respiratory level and at maximum inspiration. A drawing of the type of record obtained is 
shown in Figure 1A. Figure 1B is a photograph of a record taken subsequently with improved 
equipment. The peak flow rate was taken as maximum expiratory flow rate (V. g@**) and the 


simultaneous esophageal pressure (allowing for lag as described above) was taken as the 
Eff 


RESULTS 

The data are recorded in Table II. 

In the normal subjects the mean Py™** ff was 45 cm. HO at the resting 
respiratory level and 56 cm. HO at full inspiration. The mean value for V.™** 
was 5.4 L/sec. at the resting respiratory level and 10.6 L/sec. at full inspira- 
tion. Airflow resistance during quiet breathing was low, the mean value being 
1.7 cm. H,O/L/sec. 

The findings in the patients with asthma and emphysema were strikingly 
different from normal and strikingly different from each other. Two of the 
patients with asthma were so distressed that P7“*« =f and Vz™** were only 
measured at the resting respiratory level. The mean value for V_™** in this 
group (0.82 L/sec.) at the resting respiratory level is very similar to that 
found in the patients with emphysema (0.96 L/sec.). There are, however, con- 
spicuous differences between the two groups in the findings for resistance 
during quiet breathing and P;™** ©‘!, The mean resistance during quiet inspira- 
tion in the patients with asthma was 16.1 cm. H,O/L/sec. whereas in the 
patients with emphysema it was only 6.6 cm. H;O/L/sec. On the other hand, 
the mean P;™*~ £'f at the resting respiratory level was 26 cm. H;0O in the pa- 
tients with asthma and 9 cm. H,0O in those with emphysema. Only one of the 
patients with emphysema (E.B.) had a value for P;™** =f comparable with the 
normal or asthmatic subjects. At the time of study he had a mild respiratory 
infection with bronchitis and increased sputum production. In view of our sub- 
sequent findings and the theoretical analysis presented in the discussion it 
seems possible that this bronchitis contributed to the elevation of the P;™** ©‘ 
above the values obtained in the other patients with emphysema. 

Examination of Figure 1 shows that overestimation of the lag in the record- 
ing of esophageal pressure would lead to an overestimate of P7™** ©‘ and vice 
versa. We have examined our records, taking both possibilities into considera- 
tion and find that, while the actual values quoted for P;™** ©‘ may be slightly 
in error, they are sufficiently accurate to indicate without question a sys- 
tematic difference between the three groups of subjects. 


Fic. 1. Esophageal pressure (top tracing) and rate of airflow (bottom tracing) during a 
forced expiration. PyM** Eff; maximum effective expiratory pressure. V_™**: maximum 
expiratory flow rate. A. Drawing of a typical record. B. Photograph of a record taken sub- 
equently with improved equipment (servo-spirometer, Custom Engineering and Develop- 
ment Co., St. Louis, Mo.). Paper speed = 50 mm. per second. 
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TABLE II 
Pressure-Flow Data 
Resting Respiratory Level Maximum Inspiratory Level Flow 
Resistance 
Subject | Diagnosis pyMax Eff Vp_Max PypMax Ef | ax During Qui 
| cm L/See. cm H:O L/Sec 
| 
| Mean | S.E Mean | S.E. Mean | S.E. Mean | S.E j 
R.L.R | Normal 49.2 | 2.3 | 4.43 | 0.16 | 62.0 | 1.7 | 8.13 | 0.20 
E. J. M.C. | Normal | 55.2 | 3.6 | 5.40 | 0.20 | 48.8 | 1.7 11.10 | 0.17 
E. V. | Normal | 30.0 | 1.7 | 6.39 | 0.14 | 58.0 | 2.8 12.66 | 0.05 
Mean....... 45.0 5.40 56.0 10 1.7 
| 
| | | 
E.B | Emphysema | 24.0 | 1.7 | 1.06 | 0.04 | 35.5 | 1.9 | 2.73 | 0.39 
J. M. Emphysema | 8.5 | 1.3 | 0.58 | 0.06 | 25.0 | 3.5 | 2.08 | 0.10 
H. P. | Emphysema | 7.0 | 1.0 | 1.26 | 0.17 | 18.0 | 2.7 | 3.18 | 0.05 
Mean........ 9.0 0.96 18.0 | 2.34 6.6 
T. A. Asthma 35.0 | 3.7) 9.79) 09.04) — | 3.17 
J.B. | Asthma 20.0 | 2.9 | 1.00 | 0.12 | 18.5} 2.5! — | 0.18 
G. C. | Asthma | 21.5 | 1.0 | 9-66 | 0.08) — | _ 
Mean........ | | 26.0 0.82 | 16.1 
DISCUSSION 


Several observers (1, 2, 8, 9) have examined the increased resistance during 
expiration that is observed in patients with emphysema during quiet breathing 
or in normal subjects during forced breathing. They all conclude that this 
increase in resistance is due to compression of the intrapulmonary airways by 
intrathoracic pressure. Mead ef al. (1) point out that direct observation of 
the bronchi at bronchoscopy and bronchography has shown narrowing to 
occur during forced expiratory efforts. However, the possibility must be con- 
sidered that the decrease in flow rate immediately after reaching V,.™** might 
be due to a sudden increase in turbulent flow at very high flow rates. 

To investigate this possibility the relationship between Pr and V» was 
studied in one of the normal subjects after a maximum inhalation of pure 
helium. Since helium has a higher kinematic viscosity than air it reduces the 
amount of turbulent flow in the airways, and since it has a lower density it 
decreases the resistance due to any given amount of turbulence. Therefore, for 
both reasons, helium would be expected to cause a marked reduction in airflow 
resistance at the level of Vz previously found to be maximal when breathing 
air. One would expect a marked reduction in Pr at this level of Vx if the de- 
crease in flow rate at values of Py above P;™** =! during air breathing were 
due to an increase in turbulent flow. The experimental findings were approxi- 
mately the same with helium and with air, suggesting that turbulence is not a 
major factor determining V.M** and P;™** ®‘f, Indirectly this evidence supports 
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the hypothesis that the increased resistance is due to narrowing of the airways. 

The relationship between the data reported in this paper and the pressure- 
flow data reported by others is not obvious. Fry e¢ al. (2) determined airflow 
velocity at increasing alveolar pressures in normal people and in emphysema- 
tous patients. The measurements were made at three different but constant 
lung volumes. In the emphysema group airflow velocity increased with in- 
creasing expiratory pressure until a maximal value was reached and remained 
essentially constant when expiratory pressure was further increased. These 
findings have been confirmed by Riley, Mani, Perti and Jain, using simplified 
techniques (10). They are likewise consistent with the findings of McDermott 
and McKerrow that maximal expiratory flow rate, as determined from a spiro- 
graphic tracing, remains essentially unchanged when expiratory pressures in 
excess of the minimum required to achieve maximal flow are applied (11). 

It is pertinent to ask whether the maximal airflow velocities found by the 
previously mentioned workers are the same as the V,~™** values reported in 
this paper. In the work of Fry et al. airflow velocity was relatively constant 
prior to the instant at which the velocity measurement was made; in the work 
reported here, a sudden forced expiratory effort was made with very rapid 
acceleration to a peak velocity which was reached in a few hundredths of a 
second. The pressure relationships contributing to narrowing of the airways 
may not be the same in the two situations and the measured airflow velocities 
may therefore not be the same. On inspection of Fig. 1B it appears that our 
V.™** probably exceeds the maximum flow rates reported by others by the 
difference between the peak value and the plateau value on the velocity 
tracing. 

What relationship does P;™** =‘ bear to the alveolar pressures reported by 
Fry et al. (2)? Let us assume that Px)" can be estimated with reasonable 
accuracy and that it can be added to Py™** *f to give PaiyM** ¥ff. Would 
PxiM** ff correspond to any specific point on a curve of Pai vs Ve as ob- 
tained by Fry et al.? 

The curves of Fry ef al. suggest that in patients with emphysema a constant 
maximum velocity is produced by any pressure in excess of a certain mini- 
mum, whereas in the present studies V.™** appeared to occur at a single spe- 
cific pressure. Comparison of average results by the two methods indicates 
that P;“**=ff in emphysema approximates the lowest pressure producing 
maximum velocity. The shape of the curve in Fig. 1B is consistent with this 
interpretation, as applied to the normal subject, if “maximum velocity” is 
taken to be the plateau value. 


Theoretical Aspects 
Numerous factors are involved in the change in caliber of the airways with 
breathing and a definitive analysis is impossible on the basis of present knowl- 
edge. From the following simplified analysis, however, certain semiquantitative 


low 
stance 
} 
1:0/L/ 
ec. 
uring 
thing 
this 
rs by 
on of 
ig to a 
con- 
night 
was 
pure a 
the 
ty it 
2, for 
rflow 
thing 4 
e de- 
were 4 
roxi- 
not 
ports 4 


336 CAMPBELL, MARTIN AND RILEY 


conclusions can be drawn which are believed to be valid. We shall assume that 
a dynamic equilibrium between forces tending to open and close the airways 
occurs, permitting the airways momentarily to remain constant in size. The 
net pressure acting in an inward direction is the algebraic sum of the intra- 
thoracic pressure (P+), the pressure resulting from bronchomotor tone (Pxy), 
and the elastic recoil of the wall of the airway (Px:¥).° Pr, which is normally 
negative, is positive during forced expiration, and Pei” may be negative 
during forced expiration, indicating that the airways are resisting compression. 
The pressure acting in an outward direction is the intraluminal pressure 
(P,). At any given position of the airway, whether narrowed or distended, 
these pressures balance, and the equality of inward and outward acting pres- 
sures can be expressed as an equation: 


Pr + Pam + Pe” = (1) 
The more restricted expression which applies to the alveoli is: 
Pr + Pei” = Paw (See page 330) (2) 


Here becomes P, becomes Pai,, and drops out. 

In the static condition the transmural pressure difference across airway 
walls (P, — Pr) is presumed to be the same as that across alveolar walls 
(Paiv — Pr) and reflects the mean elastic tension of all the structures which 
make up the lung. Under dynamic conditions Px, — Py remains unchanged, 
because there is no flow of air through the alveoli, but P;, — Pr may be grossly 
altered by changes in P, related to the flow of air. The transmural pressure 
gradients resulting from inspiration are such as to expand the airways and 
may thereby cause high positive values of Px:¥. During forced expiration 
most of the airways have to resist compression and may develop highly nega- 
tive values of Px”. 

Each little segment of airway has its own pressure-volume curve which dif- 
fers from the pressure-volume diagram of the lung as a whole. Such curves, 
recently obtained by Martin and Proctor for excised dog bronchi, show that 
airways of increasing size have the characteristic of offering increased re- 
sistance to both compression and distention (12). Larger airways require a 
higher collapsing pressure than small ones to produce the same proportional 
change in diameter. This characteristic is essential in preventing collapse of 
the larger airways during forced expiration. 

When airways are subjected to various transmural pressures, each little 
segment responds according to its own pressure-volume curve, modified by the 
effect of bronchomotor tone if such be present. All airways will get smaller 
when the balance shifts in favor of the inward acting pressure, but the reduction 


* The elastic recoil (Pz,”) is considered to include the narrowing tendency caused by 
surface tension. 
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in caliber may or may not be significant depending on the size of the transmural 
gradient and the size and stiffness of the airway. The following illustrations of 
pressure relationships during forced expiration will show the way these prin- 
ciples operate in the normal lung and in the presence of emphysematous and 
asthmatic changes. 

In Figures 2, 3 and 4 the segment of airway nearest to the alveoli is con- 
sidered to have no capacity to resist compression, but from this point to the 
trachea the stiffness of the airway steadily increases. The values of P, differ 
in the three examples but always decrease progressively from the alveolus to 
the mouth. It is assumed in each case that the expiratory force provided by 
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Fic. 2. Schematic diagram of some of the factors tending to open and close the airways 
during a forced expiration, in a normal lung. 


Fic. 3. Schematic diagram of some of the factors tending to open and close the airways 
during a forced expiration, in an emphysematous lung. 


Fig. 4. Schematic diagram of some of the factors tending to open and close the airways 
during a forced expiration, in an asthmatic lung. 
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contraction of the muscles of expiration raises P;?* to 4+ above atmospheric. 
Figure 2 represents a normal lung in which the elastic recoi] (Px:") increases 
the pressure within the alveolus by 2+. Alveolar pressure (Paiy) therefore = 

Py? + Pei’ = 4 + 2 = 6+. In Figure 3, which represents an emphysematous 
lung, the elastic recoil is assumed to be only 1+ and Pay = Pr? + Pei’ = 

4+ 1 = 5+. In Figure 4, representing an asthmatic lung, the elastic recoil is 
assumed to have a normal value and Pai, = 6+. 

In Figure 2 the resistance in the segment of airway nearest the alveoli is so 
small that the pressure drop between the alveolar space and this point (AP) 
is only 1. P, thus equals 5+. The pressure difference across the wall of the 
airway at this point, P, — Py?, = 5 — 4 = 1+ in favor of P,, the outward 
acting pressure. This tiny segment of airway, whose wall has no intrinsic 
rigidity with which to resist compression, will remain open because of the 
favorable transmural pressure relationships. Further downstream P, falls 
below Pr? indicating that the airway is compressed, but this part of the 
airway is larger and the wall more rigid so that collapsing pressures in the 
normal physiological range can be withstood without significant narrowing. 
It is known that the large airways do narrow appreciably when expiration is 
forced (13). 

In the emphysematous lung (Fig. 3) more resistance in the segment of 
airway nearest the alveoli is assumed, and P, in this segment therefore drops 
2 below Pai. Note also that Px., is less than in the normal lung because of 
reduction in Pg,”. Since Py = Paiy — AP, a reduction in Pi, and an increase 
in AP both contribute to the lowering of P,. In this instance the pressure 
difference across the wall of the airway, P, — Py”, becomes 3 — 4 or —1. 
This is the same as a pressure difference of +1 tending to narrow the airway. 
The segment of airway (perhaps an alveolar duct) having no ability to with- 
stand compression, will be significantly narrowed or even completely col- 
lapsed by such a transmural gradient. Severe obstruction to the flow of air will 
result. In the larger airways the collapsing pressure increases and, if expiration 
were forced maximally (very high Pr”), all the intrathoracic airways would 
probably be narrowed markedly. It is believed, however, for reasons which 
will be discussed below, that the segments of airway nearest the alveoli are 
the most vulnerable in emphysema. 

In the asthmatic (Fig. 4) the middle sized airways are narrowed as a result 
of increased bronchomotor tone. The resulting increase in resistance increases 
the pressure drop, AP, in this segment of the airway. By thus lowering P, to 
2+ the transmural collapsing pressure is increased and further narrowing 
brought about. The very large airways are compressed as in emphysema but 


* Py” is the symbol used to denote the intrathoracic pressure under dynamic conditions, 
i.e. when airflow is occurring. 
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are represented as patent in Figure 4 because the middle sized airways are 
believed to be the most vulnerable in asthma. 

In reconstructing the chain of events suggested by these schematic drawings, 
it is important to realize that the sum total of inward acting and outward 
acting pressures cannot remain unbalanced. The lack of balance indicated in 
the figures refers to P, — Py? and represents the transmural pressure gradient 
which must be resisted by the wall of the airway. In order to balance equation 
1, suitable values for Pg:* and Psy must be inserted. Each segment of airway 
must widen or narrow until the point has been reached on its own peculiar 
pressure-volume curve where the necessary resistance to compression or 


distention becomes available. 
Let us now analyze the data in Table II in an effort to estimate the value 
of Pe:¥ in the most vulnerable airway segments at the time of critical narrow- ‘ 


ing. By critical narrowing is meant narrowing of such a degree that airflow can 
no longer increase with further increase in expiratory pressure (Pr?) because 
of a disproportionate increase in resistance. On inspection of Equation 1 it is 
apparent that of the four variables involved we have objective data regarding 
only one, namely Py. When expiration is forced Py must pass through 
and at P;™** =ff critical narrowing occurs. Let us therefore rearrange Equa- 
tion 1, substituting P;+™** ©‘ for P; and adding primes to all the other symbols 
to indicate that now the specific values obtaining when Py = P7™** ¥“f are 
under consideration. 


Eff + Pay’ + = P,’ (3) 


One further substitution is desirable for algebraic convenience. Since a negative 
value of Px:*’ indicates resistance of the airway wall to compression, this 
pressure can be thought of in the positive sense as acting in an outward direc- 
tion. In order to introduce this idea in Equation 3, a new symbol, Pou’ 
(pressure, outward, wall), will be used. By definition Pou”’ = —Pri¥’. 
Equation 3 can now be rewritten as follows: 


Eff + Pass’ = + P,’ 
Pou”! = + Pay,’ — P,’ (3a) 


The problem of estimating Px,’ at the time of critical narrowing now becomes 
the problem of estimating Pou’ when P;™** ©‘ is known and rough estimates 
of P,’ and Pgs’ are used. 

In emphysema very low values for Px™** ®‘' were found (Table IT). Pam’ is 
also believed to have been low because resistance during quiet inspiration was 
relatively low and there was only minimal response to bronchodilators. The 
two positive factors on the right side of Equation 3a, Py“** ®“ and Pay’, were 
thus both low. We know little about P,’ except that it has a minus sign in 
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front of it, indicating that it reduces the net value of the right side of Equation 
3a. There seems little doubt, therefore, that Pou”’ was very low in the pa- 
tients with emphysema. This implies that there was very little resistance to 
compression at the site of critical narrowing and suggests that the site of critica] 
narrowing was probably in the very small airways. 

P,™“*« Eff was much higher in the asthmatics. Since these patients were 
suffering from severe bronchospasm, with high inspiratory resistance during 
quiet breathing and dramatic response to bronchodilators, there is every 
reason to believe that Pyy’ was high. The factor, —P,’, is elusive, but we do 
know the limits within which P,’ must lie. If critical narrowing occurred in 
the smallest airways, P;,’ would have the highest possible value and this value 
could not exceed P,™** ©‘ (see Fig. 4); if critical narrowing occurred in the 
largest intrathoracic airways, P,’ would have the lowest possible value and 
this could not be less than zero. A low value of P,’ would leave the net value 
of the right hand side of equation 3a very high in asthma, indicating a high 
value of Pou’. If approximately equalled would approxi- 
mately equal Pgy’ and this would be the lowest possible value of Pou:”’. In 
view of the fact that high bronchomotor tone is the predominant characteristic 
of the asthmatic state, it seems probable that even this minimal value of 
Pout®’ (Pou”’ = Pum’) would be considerably higher than the value of Pou.’ 
which was found to be typical of emphysema. This leads to the further deduc- 
tion that critical narrowing occurred in more rigid, and hence larger, airways 
in the asthmatics. 

P™*« Eff was very high in the normal subjects and Psy’ was presumably 
low. P,’, which is unknown, must lie between the limits, P;+™** =f and zero. 
Unfortunately in this case these limits are not helpful in estimating Pou.™’, for 
when substituted for P,,’ in equation 3a (assuming Pgy’ = 0) the resulting 
values for Pou’ range all the way from zero to P;™* ©‘f, It is apparent, 
therefore, that this analysis provides no information regarding the size of the 
airways which first narrow critically in normal people. 

This attempt to make deductions based primarily on P;™** ©‘f was stimu- 
lated by the fact that the experimental findings were strikingly different in 
the three groups studied. At the resting respiratory level average values for 
p,** ™ of the normal subjects, the asthmatics and the patients with em- 
physema were 45, 26 and 9 cm. of water, respectively. These differences are so 
great that failure to consider minor factors is not likely to cause a gross misin- 
terpretation. Unfortunately sufficient evidence regarding three of the four 
major factors represented in equation 3a is lacking, but in spite of this, consid- 
eration of these factors has defined more sharply the problems involved in 
airway obstruction. It has become apparent, for example, that reduction in the 
elastic recoil of the lung as a whole (Pr") reduces not only the outward acting 
transmural gradient across the alveolar walls (Paiy — Py) but also the outward 
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acting gradient at all points along the airways (P, — Pr). A reduction in the 
outward acting gradient becomes an increase in the inward acting gradient 
during forced expiration. A reduction in the elastic recoil of the lung causes 
the inward acting gradient or collapsing effect associated with a given intra- 
thoracic pressure to be applied more peripherally than it would be if the elastic 
recoil of the lung were normal. Thus a given collapsing pressure is applied to 
smaller airways which are less able to withstand compression. In addition to 
this elasticity factor which affects all segments of all intrathoracic airways, 
any abnormal resistance to airflow which is interposed at any point along the 
airways causes an abnormal decrease in P, and hence, during forced expira- 
tion, an increase in the net inward acting pressure at all points between the 
resistance and the exit of the trachea from the thorax. Finally, a change in 
the structural characteristics of the airways might cause a given segment to 
narrow abnormally when subjected to a given amount of compression. 

The values of P™** £f and V,™M** found at the maximum inspiratory level, 
though somewhat less consistent than at the resting respiratory level, showed 
sharp increases in the normal people and in the emphysematous patients 
(Table II). This is consistent with the concepts discussed above since the in- 
crease in lung volume at the maximum inspiratory level is associated with an 
increase in Pg)" and hence, for a given value of Py”, a decrease in the col- 
lapsing pressure affecting all the airways. For this reason critical narrowing 
is not caused by the values of P;™“** ©‘ found at the resting respiratory level. 
Higher values for intrathoracic pressure can be tolerated and higher velocities 
of air movement achieved before critical narrowing occurs. The increase in 
elastic recoil of the lung associated with the increased lung volume causes the 
collapsing effect of a given intrathoracic pressure to be applied to larger airways 
which are better able to withstand compression. This argument, when used in 
reverse, leads one to expect the small airways to become increasingly vulnerable 
as lung volume is reduced. We did in fact make a few observations in the 
normal subjects at lung volumes below the resting respiratory level and found 
P;™sx Eff markedly reduced. It is not unreasonable to suspect that there may 
be a critical lung volume above which the larger and more rigid walled airways 
are the site of first narrowing (the distal airways being kept patent by high 
Pz:") and below which the distal airways are the site of first narrowing. 

Throughout this discussion we have dealt with a single airway as though it 
provided an adequate model of the lung as a whole. This simplifying assump- 
tion probably causes no gross misinterpretation so long as the process under 
consideration is uniformly distributed in airways of the same size throughout 
the lungs. It is for this reason that patients selected for the study were as 
pure examples of asthma and emphysema as possible. The situation becomes 
too complicated for us to analyze when there is gross non-uniformity of the 
obstructive process in different parts of the lungs. Further difficulties arise 
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when processes affecting both very small segments and larger segments of the 
airways exist simultaneously. If, for example, a patient with the typical find- 
ings of emphysema had an attack of bronchitis with narrowing of the larger 
airways, P;“*« ©ff might increase and thereby mask the indication of an ob- 
structive process in the very small airways. One of our patients (E. B.) prob- 
ably exemplified this situation. 


The Practical Distinction between Different Mechanisms of Airway Obstruction 
Resistance during quiet inspiration 


During quiet inspiration the pressure relationships are such as to maintain 
patency of the airways and hence an abnormal increase in resistance cannot 
be attributed to abnormalities of either Pe: or Pei¥. Such factors as broncho- 
spasm, inflammation, edema, secretions and angulation are therefore impli- 
cated. The change in resistance following the administration of a broncho- 
dilator helps to distinguish between these factors. 


The level of Ve™** depends upon the sum total of all obstructive factors 
during forced expiration. Its value lies in providing a quantitative indication 


of the severity of the obstructive process without distinguishing between 
mechanisms. 


PMs Eff 


This measurement, when taken in conjunction with qualitative estimates 
of Pam’ and limiting values of P,’, may be helpful in identifying the size of the 
airways in which critical narrowing first occurs. 


ABSTRACT 


When intrathoracic pressure (Py?) and rate of airflow are simultaneously 
recorded during a forced expiration, the rate of airflow rises to a maximum 
value and then decreases while Pr? continues to rise. This observation sug- 
gests that there is a maximum effective intrathoracic pressure (Pr™** ©“) 
associated with a maximum expiratory flow rate (V_M**). If Pr” rises above 
P,™** Eff airway resistance increases disproportionately and flow rate decreases. 

Using esophageal pressure to measure Py and a pneumotachometer to 
measure V, we determined P-“** =f and V_™™ in normal subjects, in patients 
with diffuse emphysema and in patients with asthma. In both these diseases 
V.™™ was found to be reduced. Py™* = was markedly reduced in most of the 
cases of emphysema, moderately high in those with asthma and very high in 
the normal people. 

Non-elastic resistance was also measured during quiet inspiration and found 
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not to be increased in the patients with emphysema to a degree comparable 
with that found in the patients with asthma. 

The physical basis of P;“** ®“ is discussed in terms of a simple mechanical 
model, and a mathematical analysis is presented from which it is deduced 
that critical narrowing first occurs in the very small airways in emphysema 
and in larger airways in asthma. 

A plan for distinguishing between different mechanisms of airway obstruc- 
tion is presented. 
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BOOK REVIEWS 


The Adrenal Cortex. By Cuester Jones. 315 pp., $7.00. Cambridge University Press, 
New York, N. Y. 

Although this book turned out to be too long for inclusion in the series of “(Cambridge 
Monographs in Experimental Biology,” for which it was originally planned, it is relatively 
concise for a monograph on the adrenal. Written by a member of the department of Zoology 
at the University of Liverpool, nearly half of the text is devoted to a survey of the adrenal 
in vertebrates other than the eutherian mammals. The rather fragmentary information 
available on non-eutherian vertebrates includes both anatomical and physiological observa- 
tions. However, actual identification of adrenal cortical tissue in cyclostomes is quite un- 
satisfactory, not much better in Dipnoi, and not fully satisfactory in Teleosts. It is the 
author’s hope that his presentation will stimulate workers to study the lower vertebrates 
with an assiduity comparable to that bestowed on the common eutherian laboratory 
mammals. Various untilled fields are indicated, and a number of provocative questions 
asked, such as to what extent the adrenal is related to the development of the control of the 
sodium concentration in the body fluids during vertebrate evolution. There is an intersting 
chapter on the embryology of the adrenal, in which it is pointed out that functional nephric 
tissue may be the inductor of the cortical anlage. The close relationship between the kidney 
and the adrenal is further developed in the theory of Witschi and coworkers, who consider 
that the cells of the mesonephric length of the nephrogenic blastema are at one stage pluri- 
potent with respect to urinary tubules, adrenal lobules, or efferent and medullary structures 
of the sex glands. 

The transitory portion of the fetal cortex of the human has been thought to arise prior to 
the differentiation of the definitive cortex. Confirmation or more specific analysis of this 
situation would be welcome, as respects either the human or other primates. The latter have 
been too little studied with respect to the embryology and post natal development of the 
adrenal. It is indeed surprising to find in a primate such a marked variation from the general 
mammalian pattern, as far as known at present. However the embryology of the adrenal 
cortex in the various vertebrate classes appears to be in need of further study, especially by 
biochemical methods. 

The section on the eutherian mammals includes well written accounts of the biosynthesis 
and physiology of the adrenal cortical hormones. The section on adrenal-gonad relationships 


344 


ch 
4 which 
\ 
bring 
T 
disti1 
ordet 
clues 
the r 
a sta 
| of si 
use i 
stan 
be di 
othe 
I 
4 selec 
not i 
from 
bloo 
relat 
reco 
bibl 
med 


Press, 


bridge 
atively 
oology 
drenal 
nation 
serva- 
ite un- 
is the 
‘brates 
ratory 
*stions 
of the 
ersting 
ephric 
cidney 
sider 
pluri- 
ictures 


rior to 
of this 
r have 
of the 
eneral 
drenal 
lly by 


ithesis 
nships 


BOOK REVIEWS 345 


seems thoroughly sound, and notable for its restraint. However, there is on page 105 an 
apparent misconception regarding the supposed early sexual maturity of the male hamster, 
which is the basis for some rather elaborate considerations. The American hamster matures 
at about the same age as do the rat and mouse. It would be surprising if British hamsters 
were as accelerated as Chester Jones implies. In general, the book can be heartily recom- 
mended as orientation material for the serious student of the adrenal. It has a refreshing 
breadth of perspective. It is a book which asks more questions than it answers. Whether the 
author has asked significant questions which the adrenal can answer intelligibly, only time 
can tell. 
EvetyN Howarp 


Signs and Symptoms: Applied Pathologic Physiology and Clinical Interpretation, 3rd edition. 
Edited by Cyrmt MitcHett MacBrype. 973 pp., $12.00. J. B. Lippincott Co., Phila- 
delphia, Pa. 

The third edition of this useful and enthralling book continues the editor’s original purpose 
“to give the basis for analysis and interpretation of some of the commonest symptoms which 
bring patients to the physician. Emphasis is placed upon the pathologic physiology of the 
symptoms... .” 

The volume contains much information found in standard medical texts. However, a 
distinctive feature of its compilation is that it presents to the reader in consecutive and 
orderly form the principal causes for the symptoms that in many diagnostic studies are major 
clues to correct diagnosis. Concomitantly, physiological information is presented that gives 
the reader an increased understanding of the mechanisms of disease processes. The reader of 
a standard textbook of medicine, which presents in individual sections the complete picture 
of single diseases, must frequently consult its index to obtain information on the various 
causes of a given symptom. Even if the index is compiled adequately enough to permit its 
use in this respect, many physicians find it inconvenient to refer to the several sections of a 
standard text in which the information they require for the interpretation of a symptom may 
be distributed. Hence, in this respect the volume under discussion is a useful supplement to 
other texts on medicine. 

In the 34 chapters, roughly the same number of symptoms are analyzed by 28 authors 
selected from medical centers throughout the country. In particular, the three new chapters 
not included in previous editions claim the reviewer’s attention. The section on “Growth and 
Sex Development”’ provides useful data for evaluating a young subject’s possible deviations 
from the norm. In the chapter on “Generalized Vasospasm and Arterial Hypertension” 
particular attention is directed to naturally occurring compounds influencing the tone of 
blood vessel walls. In the useful section on ‘“(Lymphadenopathy and Disorders of the Lym- 
phatic System’’, the orientation is often predominantly anatomical and surgical; current 
research may permit future editions to include detailed discussion of the lymph nodes in 
relation to such disorders as hypogammaglobulinemia and rheumatoid arthritis. 

This well-conceived and up-to-date volume by Dr. MacBryde and his co-contributors is 
recommended to medical students, who, with other physicians, will find the chapter 
bibliographies helpful adjuncts. It can also be recommended to teachers and practitioners of 
medicine as a very useful source of information on the various causes of a given symptom 
and on the disturbances in physiology resulting from disease. 

PALMER H. FuTCHER 


Surgery, Principles and Practice. By J. Garrott ALLEN, Henry N. Harkins, Cari A. 
Mover, AND JONATHAN E. Ruoaps. 1495 pp., $16.00. J. B. Lippincott Co., Philadel- 
phia, Pa. 
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One of the great needs of present day medical education is the more effective correlation 
of the teaching of preclinical sciences and clinical medicine. This is of prime importance in 
surgery where a reasonable knowledge of the basic physiology, anatomy, pathology, and 
biochemistry of the underlying disease is a sine gua non to intelligent surgical therapy. The 
volume under consideration is an entirely new book written with the primary aim of pro- 
viding a text for such correlated teaching. 

In an endeavor to produce as coordinated a text as possible, the above noted authors have 
contributed about one-half of the book. For the remainder of the material they have called 
upon recognized authorities for discussion of special topics. This policy has produced a well 
integrated volume without sacrificing the virtues of expert knowledge in each field. The book 
is comprehensive in its scope and includes general surgery, gynecology, neurosurgery, ortho- 
pedics, pediatric surgery, thoracic surgery, and urology. The material considered in each of 
these fields includes contemporary advances described in sufficient detail to satisfy the needs 
of the student. The discussions are thorough without attempting to be encyclopedic. One of 
the most attractive features of the book is the documentation of the text by appropriate 
quotations and figures from the literature. This will prove particularly helpful to the student 
or junior house officer and is appropriate in view of the stated objective of the authors to 
present surgical practice not as a perfected science but as a field in which further develop- 
ment is to be anticipated and in which many situations are not clear-cut. 

The correlation of clinical material with physiologic, pathologic, biochemical, and ana- 
tomical considerations is excellent and should be most helpful to the student in attempting to 
obtain a coordinated concept of the various disease entities. 

In summary, this would seem to me to be quite an excellent text which presents the field 
of surgery in its proper perspective with respect to the basic sciences. The book should be 
well received by medical students and house officers and should be of real value to these 
groups. 

James R. CANTRELL 


Clinical Cardiopulmonary Physiology—Sponsored by the American College of Chest Phy- 
sicians. Editor in Chief Burcess L. Gorpon. 768 pp., $15.75. Grune & Stratton, New 
York, N. Y. 

This book has some merits and some demerits as a consequence of its 9 editors and 52 
contributors: the coverage is wide but spotty. So many of the general medical aspects of 
cardiac and pulmonary diseases are discussed that one is led to infer that medicine and 
clinical physiology are fast becoming synonymous in the cardiopulmonary field. This re- 
viewer has no fault to find with this trend, provided the medical physiologists do not lose 
sight of the enormous importance of the doctor-patient relationship in diseases with such 
frightening symptoms as dyspnea, palpitation and pain in the chest. However, if one is to 
make clinical physiologists out of medical men, then certainly the physiological interpre- 
tation of clinical signs and symptoms should feature prominently. This synthesis is scarcely 
attempted with respect to pulmonary dysfunction. Dayman makes the striking comment 
“that it will be some time before applied physiology discovers the physical examination” 
and then, by failing to enlarge on this theme, he assures the continued validity of his as- 
sertion. Only in the opening paragraphs of a superb chapter on Acquired Valvular Heart 
Disease is note taken of the extent to which clinical physiologists are, and should be, working 
themselves out of a job by improving clinical acumen. Having remarked on this omission, 
one can only marvel at the amount of material which does appear between the covers of this 
fat book. Of the recent publications in its field, this is the most all-inclusive. It will be useful 
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for reference purposes but the reader frequently will find it necessary to make use of his 
own critical faculties. 
RicHarp L. 


Clinical Use of Radioisotopes. By WittiAM H. C. JOHNSON AND 
ARTHUR J. Sotart. 456 pp., $11.50. W. B. Saunders Co., Philadelphia, Pa. 

A number of texts are now available on the applications of radioactive isotopes to the 
diagnosis and treatment of certain clinical disorders. On the whole, the authors of the present 
text have been successful in their endeavour of presenting clearly and succinctly the equip- 
ment, procedures, precautions and pitfalls involved in some of these applications. 

The introductory chapter covers such matters as the Atomic Energy Commission’s re- 
quirements and regulations, the filling out of applications for licenses, elementary aspects of 
nuclear physics and a few generalities on radiation detectors. The next four chapters describe 
in detail the use of iodine-131 in the diagnosis of thyroid disorders, in the destruction of the 
thyroid gland in thyrotoxicosis, in intractable cardiac or pulmonary insufficiency and in 
thyroid malignancy. Other uses of I-131 such as estimation of plasma volume with iodinated 
albumin, localization of brain and other tumours by scintillation scanning, estimation of 
circulation and of cardiac output are more briefly discussed. Therapeutic uses of phosphorus- 
32 and of gold-198 are presented with an outline of the diagnostic uses of radioactive chro- 
mium, cobalt and iron. Other radioactive isotopes and their uses are briefly reviewed. There 
follow chapters on the biological effects of radiation and on health physics. The chapter on 
instrumentation is less satisfactory: the emphasis is on scintillation detection with inade- 
quate discussion of ionization chambers, of proportional counters, of windowless or thin 
window counters. There is no discussion on the preparation of planchets or on the plating out 
of blood or other biological fluids. In other words, the treatment accorded beta-emitters and 
their uses is inadequate. 

In spite of these limitations this volume should be a welcome addition to the library of 
any hospital in which the major use of isotopes is directed at the thyroid. It is particularly 
valuable in making available the extensive experience of the authors in the use of I-131. 

F. P. CHINARD 


Progress in Nuclear Energy. Series Six. Biological Sciences. Volume I. 205 pp., $7.00. Series 
Seven. Medical Sciences. Volume I. 165 pp., $6.00. Edited by J. C. BucHer, J. Coursa- 
GET, and J. F. Loutir. McGraw-Hill Book Co., New York, N. Y. 

These two volumes present reviews of certain topics discussed at the International Con- 
ference for the Peaceful Uses of Atomic Energy, held at Geneva, Switzerland, in August, 
1955. 

The first volume on biological sciences covers the following fields: radiation injury, bone 
and carcinogenesis, sterility and foetal damage; genetics with respect to the hazard to man 
and with respect to agricultural applications; use of radioactive isotopes in certain agricul- 
tural problems such as plant nutrition, soils, and entry of nutrients into plants through stem, 
leaf, and fruit; photosynthesis and metabolism of plant products; mineral metabolism with 
particular emphasis on calcium, phosphorus, strontium and iodine. These reviews are well 
organized and written and many examples of experimental data are given; they provide a 
convenient means of obtaining information on methods, techniques and results of other 
fields than strictly medical ones. The references at the end of each review are in large part to 
the original literature rather than to papers presented at the conference. This volume is a 
useful contribution. 
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In contrast, the second volume, on medical sciences, is somewhat disappointing. The 
emphasis is on therapy by internal and external radiation, principles and standards of radia- 
tion safety for physicians, patients and in reactor and chemical processing plants, and on 
dosimetry. With respect to safety, it appears to be agreed that the less radiation one is ex- 
posed to the better. It also appears that the maximal permissible doses will be lowered to 
even lower levels than are accepted currently. Two reviews deal rather briefly with the use of 
radioactive isotopes in medical diagnosis and in investigation of disease. 

Together, these two volumes present an excellent summary of some of the current appli- 
cations of radioactive isotopes to experimental and therapeutic problems and will serve to 
emphasize the interdependence of the several fields of investigation reviewed. 

F. P. Camnarp 
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12,000,000 Orinase tablets stored at Upjohn’s Kalamazoo plant. 


Before Upjohn released Orinase,* its new 
oral antidiabetic agent, in June of this 
| year, the Company had conducted one of 
| the most extensive clinical testing pro- 
grams ever granted a new pharmaceutical 
product. More than 12,000,000 Orinase tab- 
lets were given to physicians for patient tri- 
als during 16 months prior to release date. 


Orinase was used investigationally in more 
than 18,000 patients under the supervision 
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of 1,200 physicians. Complete information 
was kept on 6,000 patients whose reactions 
were evaluated, with the assistance of auto- 
matic data processing equipment, on the 
basis of 29 criteria. 


Upjohn left no stone unturned in its ex- 
amination of this revolutionary new drug. 
Before release, Orinase had proved its use- 
fulness in the conditions for which it is now 
being prescribed. 
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BERBECKER SURGEONS’ NEEDLES : 


MADE IN ENGLAND EYE 
Correct in the Details 
‘ TRIANGULAR 
That Make Perfection! POINT 


VITAL to good performance in a surgeons’ needle is the con- 

struction of eyes and points. The eyes must be streamlined, yet 

open enough to thread easily and sturdy enough to stand 

suturing strain. Points must be correctly shaped, smoothly fin- 

ished. Entire needle must be precision tempered to avoid rs, ‘Por: 
bending or breaking. x 


BERBECKER Surgeons’ Needles embody these qualities because 

they are the product of English needle specialists whose needle- 

making knowledge is a father-to-son inheritance. Best proof is 

the fact that BERBECKER Surgeons’ Needles are used in hos- rane 
pitals in every state; in a large percentage of instances, they ah POINT 
are the only needle used. 


Available NOW—At all Surgical Supply Dealers eraile 
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Gor the Aged and Senile Patient 


orAL ‘Mletrazol 


— to help the geriatric patient with early or 
advanced signs of mental confusion attain a 
more optimistic outlook on life, to be more 
cooperative and alert, often with improve- 
ment in appetite and sleep pattern. 
Metrazol, a centrally acting stimulant, in- 
creases respiratory and circulatory efficiency 
without over-excitation or hypertensive 
effect. 

Dose: 11% to 3 grains, 1 or 2 teaspoonfuls Liquidum, 

or the tablets, every three or four hours. 


Metrazol tablets, 114 grs. (100 mg.) each. Metrazol Liquidum, a wine-like flavored 15 
cent alcoholic elixir containing 100 mg. Metrazol and 1 mg. thiamine HC1 per teaspoonful. 


_Metrazol®, brand a of E. Bithuber, Ine. 


BIOLOGICAL EFFECTS OF WHOLE-BODY 
GAMMA RADIATION ON HUMAN BEINGS 


by Harold O. Davidson, Jr. 


The new science of operations research is used in this book to bridge the gap 
between what is currently known in biological science about radiation effects, and 
what must currently be planned or done, from a practical point of view. to deal 
with possible fallout hazard. Resulting from a study made under the auspices of 
the Operations Research Office of The Johns Hopkins University, the book sur- 
veys existing research evidence and proposes a quantitative method of predicting 
how the early effects of fallout irradiation would be modified in humans by re- 
covery processes. The results are organized and presented in such a form as to be 
directly applicable to both civil and military defense problems. 


112 pages Appendices; Figures; Tables $4.50 
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——]| in rheumatoid arthritis 


mn only 12 mg. daily average maintenance dosage? 


METICORTELONE 


prednisolone 


he gap 
ts,and_ |frapidly reduces swelling, tenderness and pain on motion 
0 deal 
ices of 


overcomes disabling muscle spasm 


k sur- maintains therapeutic benefits by minimizing sodium retention, 


“a oo edema and hypokalemia associated with older corticosteroids 
s to be 
in rheumatoid arthritis—daily maintenance dosage averages only 12 mg. 
$4.50 (may be as low as 5 mg.) after initial suppression of symptoms 


‘Meti’”*steroids mean minimal maintenance dosage 


osage: In rheumatoid arthritis—initially 20 to 30 mg. a day until favorable response is 
obtained. Dosage is gradually reduced by 2.5 to 5 mg. daily until maintenance levels between 
Sand 20 mg. are reached. Buff-colored tablets of 1, 2.5 and 5 mg. 
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sutures 


For 87 years, Gudebrod has been pioneering in the manufacture and 
development of modern sutures. Here are some Gudebrod firsts: 


1870... 


1899... 


1940... 


1953... 


1954... 


1956... 


1967 ... 


Gudebrod BROS. SILK CO., INC. 


225 West 34th Street New York 1, New York 
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TO 


GUDEBROD 


the first Gudebrod silk manufactured. R 


the first silk twisted sutures manufactured specifically 
for surgical use. 


the first cotton sutures. 


the first Color-Coded® cotton sutures, for positive 
identification. 


the first Color-Coded silk sutures. 


the Cerethermic* Finish, for greater strength and ease 
of handling. 


the first all-dry sterile Mintraumatic® suture. 


*T.M. 
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and 
Restores mobility by controlling gout 
ally 
PROBENECID 
Don’t overlook gout in women—they are a significant 
case minority of all gouty patients. Plasma urate concen- 


trations are quickly lowered with BENEMID—1 to 2 
Gm. daily will maintain a persistent negative balance 
of uric acid. “‘By this simple physical principle the 
crystalline deposits of tophi are gradually carried 
back into solution and excreted.’’' BENEMID is a 
valuable agent for the interval treatment of gout.? 
References: 1. Ann. int. Med. 44:1182 (June) 1956. 2. Current Med. Dig. 20:27 


(Sept.) 1953. 
<> 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO.. INC., PHILADELPHIA 1, PA 
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(Peniciiiin ¥ Potassium, Litly) 


10 
q 
oral penicillin effectiveness U 
|| greater solubility. Because it is 
more soluble, ‘V-Cillin K’ is easily and 
LILLY AND COMPANY INDIANAPOLIS 6, INDIANA, U.S.A. 
F | (In writing advertisers, please mention the Bulletin.) 


The 
Non-Constipating 
Acid 


| Unexcelled in... 


PEPTIC ULCER AND GASTRIC HYPERACIDITY 


also EFFECTIVELY REDUCES... 


in Sterotd Therapy! 


THE RALPH WINTON COMPANY 
Pharmaceutical €. — BALTIMORE 2, MARYLAND 
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CLINICAL 


treatment of respiratory tract infections wit 


SIGNEMYCIN 


OLEANDOMYCIN TETRACYCLINE-PHOSPHATE BUFFERED 


acute pharyngitis 

pneumonia 

pleurisy 

otitis media 

bronchitis 

sinusitis 

bronchiectasis 

tonsillitis 

influenza 

bronchopneumonia 

pansinusitis 

laryngitis 

tracheitis 

ethmoiditis 

streptococcal pharyngitis 

nasopharyngitis 

tracheobronchitis 

bacterial pneumonia due to 
resistant pneumococci, 
staphylococci, or mixed flora 

viral or nonspecific 
pneumonia not responsive 
to other therapy 

lung abscess 

follicular tonsillitis 


875 


patients with 
respiratory 
infections 
treated with 
Signemycint! 


patients showed 
an excellent 
or good response 


patients had 
fair response 


patients had a 
poor response 


pharyngitis caused by 
resistant staphylococci, 
Streptococcus viridans, 
or hemolytic Streptococcus 


outstanding 

safety and 

toleration patients had 
no side effects 


Increasing use of Signemycin V and other Signemycin form# 
tions has confirmed the value of this agent in the armamel 
ium of the physician treating antibiotic-susceptible infectia 
particularly those seen at home or in office where suscepti 
testing may not be practicable and where immedi- 

ate institution of the most broadly effective therapy Pfi 
is necessary. 


lobar pneumonia 


viral URI 


References: 1. Case reports in the 
Pfizer Medical Department Files from 
fifty-three clinicians, and the follow- 
ing published reports: Shubin, H.: 
Antibiotic Med. & Clin. Therapy 
4:174 (March) 1957. Carter, C. H., 
and Maley, C.: Antibiotics An- 
nual 1956-1957, New York, Medical 
1957, p. 51. Win- 
on, S. S., d Chesrow, E.: Ibid., 
Ls LaCaille, R. A., and Prigot, A.: 


World leader in antibiotic development and prog 
PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6% 


“Trademark 
+Trademark, oleandomycin tetracycline 
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CASE REPORT 


Atypical Alevaire case 
and sinusitis, h 

purulent postnas 
at least a cupful 
and debilitated, 
advanced bronc 


cough mixtures had not hel 


nt the patient expectorate 


subsequent trea 


chial secretions 


At the end of fourteen days 


Alevaire was continued each 
ed completely free of symptoms exi 


patient remain 
expectoration. 


history-C- 


of sputum ¢@ 
with chills an 
hiectasis. Antibiotics, 


gan to breathe easi¢e 
more readily. 


in bronchiectasis— 


“Thick, yell 

4 low, solid sput . 

_ expecto poe um which ha 

with sputum which was 
Labored ne gradually diminished in v — 
replaced and insomnia 

y easy respirati 
spe 

enjoy normal restful sleep.”* and ability to 


1 year old male with bronchiectasis 
times. He had a continuous thic 
green sputum; he expectora 
ing. atient was weak 


The p 
ever. Bronchograms revealed 


postural drainage and expectorant 


with one hour nasal inhalation every 


d a large amount of 


asier. The nasal passages began to open, 
poth the sinusitis and the bronchiectasis 
and to expel bron- 


r through the nose 
and he felt stronger. 


of direct 


His appetite improved 


he was almost completely symptom free. 
night for short periods at bedtime, and the 
cept for a light morning 


miller, et ol.: Ann. Allergy, 12.611, Sept.-Oct., 1954. 


has been dramatically effective in: 


Alevaire iS SU, d in boi tle. oO 60 ce. jor 
pplie ttles f f 
. 


intermittent 
therapy and i 
nd in 
500 ce. for c bottles of 


inhaloati, 


LABORATORIES 
| ¥. © WINDSOR, ONT 


NEW YORK 18, 


Alevaire, trademark reg. U.S. Pot. Off 


therapy. 


* neo i 
— — (due to inhalation of 
mucus obstruction, atelectasi 
umonia « b i 
ronch 
* smoke, kerosene 
yelitis (respiratory compli 
me oxygen therapy « tr 
prevention of postoperative 
pulmonary complications 


> 2) 

>>. 
ges ye = , 4 

pneumonia 
q and thick, yello 

i 
levaire therapy begun 
day. After the firs ond 
sputum and definitely brea 
tment 
| 


THE MEAD JOHNSON FORMULA PRODUCTS FAMILY FOR EVERY INFANT FEEDING NEED 


for routine infant feeding 


Lactum 


Infant feeding experience for the past 50 years 
liquid « powder : 


provides the background for the Mead Johnson 
Formula Products Family. Today, you can meet 
milk and Dextri-Maltose formula your feeding needs for both well and sick babies 
with convenient Mead Johnson formulas. Each 
product provides an authoritative formulation, 
and is manufactured with meticulous care to 
meet the highest standards of nutritional and 
pharmaceutical excellence. 


liquid + powder 


non-fat milk, refined vegetable 
oil and Dextri-Maltose formula 
for allergic infants 9 


Dextri- 
Malt Sobee Nutramigen 
aitose liquid + powder d 
powder 
powder 
hydrolyzed casein, 
carbohydrate modifier balanced soya formula Dextri-Maltose, arrowroot 
starch and corn oil formula 
for chronic digestive disorders p | Probana j 
powder £ 
MEAD JOHNSON hydrolyzed casein, banane powder 
SYMBOL OF SERVICE IN MEDICINE eae and dextrose 4 
. 


2 
* 
Olac 
=. 


NEED 


years 
hnson 


n meet 
babies 
. Each 
lation, 
are to 
al and 


ant 
| 
pot 
ula 
i 
be 
q 
> 


